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ABSTRACT . 
Following an overview on the progress so far made in the general area of calixarene 
chemistry, this thesis reports investigations related to 
i) the acid-base properties of p-tert-butylcalix[n]arenes (n=4,6,8) and ammes 
(triethylamine, tert-butylamine, atropine, 1-aminoadamantane, morpho line, R-( +)-a-
methylbenzylamine, piperazine, cryptands 22 and 222) in benzonitrile at 298.15 I< and 
their implications on the proton transfer reaction from the calixarene to the amine. 
From experimental data, the individual processes which contribute to the overall 
extraction of tert-butylamine from water by p-tert-butylcalix[8]arene in benzonitrile 
were quantitatively assessed. 
ii) the use of phase transfer catalysis for the synthesis of ethyl p-tert-butylcalix[ n] arene 
(n=4,6,8) ethanoates. Advantages with respect to current preparative methods are 
outlined. 
The stability constant of sodium and ethyl p-tert-butylcalix[ 4]arene tetraethanoate in 
acetonitrile at 298.15 I< was determined by direct potentiometry using an ion-selective 
electrode. The result obtained, is in good agreement with that recently reported from a 
double competitive potentiometric method. 
Extraction data in the water-benzonitrile solvent system at 298.15 I( were used to 
quantitatively evaluate for the first time the individual processes involved in the overall 
extraction of alkali-metal picrates by ethyl p-tert-butylcalix[ 4]arene tetraethanoate. 
iii) the synthesis and characterization of new calixarene derivatives obtained by the 
lower rim functionalization of p-tert-butylcalixarenes by the introduction of 
a) N,N-dimethylcarbamoyl and N-acetylglycine groups using phase transfer catalysts 
(18-crown-6, 4-dimethylaminopyridine and 1,3-dicyclohexylcarbodiimide). In both 
cases, disubstituted calixarene derivatives were obtained in distorted cone 
conformations, 
b) aliphatic (methyl, ethyl, isopropyl), alicyclic (piperidine, pyrrolidine, morpholine) 
and aromatic (quinoline, pyridine) amino groups. These were characterized by 
elemental analysis, lH and 13c N1\1R spectroscopy. The acid-base properties of these 
derivatives were investigated in methanol. The ability of these ligands in their neutral 
and protonated forms to interact with cations and anions; respectively, is discussed. 
Final conclusions of these investigations are summarized and suggestions for further 
work are given. 
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INTRODUCTION 
1.1. CALIXARENES 
Gutschel introduced the term calixarene to describe a series of related 
macrocycles obtained from the condensation of phenol and formaldehyde. Using 
molecular modelling this author recognised the cuplike or chalice like. appearence of 
the tetramer. He gave to these macrocycles a collective name which in general terms 
provides a suitable description of these compounds given that it is the molecular 
receptor activity of the calixarenes its most relevant property. 
Calixarenes have been defined by Gutsche as a class of metacyclophanes 
comprising cyclic arrays of phenolic residues attached by methylene groups at the 
ortho position of the phenolic groups2 . 
The five members of the series, often referred as tetramer (calix[ 4 ]arene ), 
pentamer (calix[S]arene), hexamer (calix[6]arene), heptamer (calix[7]arene), and 
octamer (calix[8]arene) are shown in Fig. 1.1 
2 
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R 
n 
Fig. 1.1. The calixarene homologous series, R=H or alkyl; n=4-8 
The series which carry on their phenolic units and t-butyl groups in para 
position, namely p-tert-butyl calix[n]arenes (Fig. 1.2) is the most commonly used. 
n 
OH 
Fig. 1.2. p-tert-Butyl calix[n]arene family, n=4-8 
Calixarenes have some resemblance to the natural cyclodextrins which are 
essentially polymers of glucose3. 
In addition, two interesting substructures are found in the structural 
arrangement of calixarenes. Thus, the peripherial arrangement of phenolic hydroxyl 
groups about a central cavity at the lower rim can be functionalized or ionised 
providing a suitable hydrophilic environment for cation binding4 and transportS. 
The other substructure known as the upper rint contains a hydrophobic cavity 
potentially able to interact with neutral substrates 
The ability of calixarenes to function as molecular baskets and bind neutral and 
ionic guests in supramolecular arrays has led to many applications in several fields. 
3 
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Calixarene chemistry has generated a great" deal of interest to chemists since 
these are readily synthesised and easily modified. 
1.2. CALIXARENES. NOMENCLA TURE2 
Among the various calixarenes, the cyclic tetramer (Fig. 1.3) is the most 
widely known and these have been named m a variety of ways. Thus, Zinke and 
coworkers6 called these compounds 'cyclishen 
Mehrkernmethylenephenolverbindungen', Hayes and Hunter 7 named them 'cyclic 
tetranuclear novolaks', and Conforth and coworkers8 referred to them as 
'tetrahydroxycyclotetra-m-benzylenes'. 
Pentacyclo[ 19.3 .1.13, 7_19, 13.115, 19]octacosa-
1(25),3,5, 7(28),9, 11, 13(27), 15, 17, 19(26),21 ,23-dodecaene-25,26,27,28-tetrols ts the 
nomenclature given to these macrocycles by the International Union of Pure and 
Applied Chemistry (IUPAC)9. 
R 
R R 
R 
Fig. 1.3. The cyclic tetramer calixar·ene 
In the name of 'calixarenes' given by Gutsche's group2 (Greek, calix, chalice; 
arene indicating the incorporation of aromatic rings in the macrocyclic array), the size 
of the macro cycle is specified by a bracketed number inserted between calix and arene. 
Appropiate prefixes are used to indicate the nature and the position of the substituent 
4 
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on the aromatic ring. Thus, the cyclic tetramer derived from p-tert-butyl phenolic and 
methylene units, (Fig. 1.4 ), was designated as p-/ert-butylcalix[ 4 ]arene. In addition, 
adopting the numbering scheme recommended by IUP AC, this compound is named as : 
5,11, 17,23-tetra-tert-butyl-25,26,27,28-tetrahydroxycalix[ 4]arene. 
Fig. 1.4. The structure ofp-tert-butylcalix[4)arene or 5,11,17,23-tetra-tert-butyl-
25,26,2 7 ,28-tetrahydroxycalix[ 4] a rene 
On the other hand, if additional substitution is carried out on the p-tert-
butylcalix[n]arene, the nature and the position of the substituent have to be specified 
according to the IUP AC system of nomenclature. For example, when p-tert-
butylcalix[ 4 ]arene was derivatized at the phenolic OH groups in exhaustive 
substitution, by using ethyl bromoacetate, the furnished compound (Fig. 1.5) was 
natned as: 5, 11, 17,23-tetra-tert-butyl-25,26,27,28-tetra(ethoxycarbonyl)methoxy 
calix[ 4] arene1 0. 
Fig. 1.5. The structure of 5,11,17,23-tetra-tert-butyl-25,26,27,28-
tetra( ethoxycarbonyl)methoxycalix[ 4] arene. 
5 
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Fig. 1.6 illustrates the way m which vanous calixarenes and calixarene 
derivatives are named. 
Fig. 1.6a. The sta·ucture of 5,11,17,23,29,35,-hexa-tert-butyl-37,38,39,40,41,42-
hexahyd•·oxycalix[ 6] a rene 
Fig. 1.6b. The structure of 5,11,17,23,29,35,41,47-octa-tert-butyl-
4 9,50,51 ,52,53,54,55,56-octahyd roxycalix[ 8] a rene 
+ ｦｙｾＺ＠
OCH2CON(C2Hs)2 
Fig. 1.6c. The structure of 5,11,17,23-tetra-tert-butyl-25,26,27,28-
tetrakis(N,N-diethylamino carbonyl)methoxycalix[4]arenell 
6 
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OH OH 
Fig. 1.6d. The structure of 5,17-di-tert-butyl-11,23-dimethyl-25,26,27,28-
tetrahydroxycalix[ 4] arene 
25 0{;, 
6 5 
Fig. 1.6e. The structure of 5,11,17 ,23-tetra-tert-butyl-25,27-
bis[(2-pyridylmethyl)oxy]-26,28-dihydroxycalix[4]arene12 
1.3. CALIXARENES. SYNTHESIS13 
Two different ways have been used to synthesize calixarenes. 
The first method reported by Zinke14 and subsequently modified by others 
8,15-17 consists of treating p-substituted phenols with formaldehyde in the presence of 
a base at temperatures ranging from 140 to 22ooc. This is illustrated in Scheme 1.1. 
7 
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HCHO/base 
OI-I 
Scheme 1.1. One-Flask synthesis of calixarenes (Zinke Method) 
For the method mostly used viz, p-tert-butylphenol and formaldehyde2, the 
product of this one-flask method depending on the reaction condition, is a mixture of 
the various cyclic oligomers. Under controlled conditions yields of 35%, 75% and 65% 
for the tetramer, hexamer and octamer, respectively; have been reported_ This synthetic 
procedure is currently used for the preparation of the parent calixarenes. 
Other synthetic route is that first reported by Hayes and Hunter 7 and recently 
modified by Kammerer and coworkerslS-21. This method consists of the sequential 
introduction of methylene groups and aryl functions to a p-substituted phenol blocked 
at one of the ortho positions by halogens. The product is a linear oligomer with a 
hydroxymethyl group at one end and a halogen blocking group at the other end. 
Hydrogenolysis was used to remove the halogen. Then, by acid-catalysis and high 
dilution cyclization, the oligomer is obtained as illustrated in Scheme 1.2. This method 
offers advantages with respect to the first method since products of unequivocal 
structure are obtained. In addition, it allows synthetic flexibility with respect to the p-
substituent (see Scheme 1.2). 
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R R 
4-(R)PhOH 
X 
w 
OH OH 
hydro:\.-ymethylation 
1 
1 and arylation 
1 steps 
R R R 
X ｾｏｈ＠ 2 
OH OH OH 
Scheme 1.2. Sequential, stepwise synthesis of calixarenes (Hayes and Hunter 
Method) 
Furthermore, Bohmer et az22 by the condensation of a linear trimer with a 2, 6-
bis(halomethyl)phenol (see Scheme 1.3) shortened the synthetic procedure. In doing 
so, low yields in the cyclization steps were obtained. 
OH 
ｾ＠ R' R' 
OH 
OH OH OH 
R 
R 
Scheme 1.3 Convergent, stepwise synthesis of calixarenes 
(Bohmer, Chhim and Kammerer Method) 
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A four-step method has been proposed by No and Gutschel3 for the 
preparation of symmetrically substituted calixarenes involving i) the condensation 
(carefully controlled) of p-substituted phenol ! with formaldehyde to give the 
bis(hydroxymethyl) linear dimer 6: , ii) acid-catalyzed arylation of 6 leads to the linear 
tetramer J., iii) selective hydroxymethylation ｯｦｾ＠ gives the monohydroxymethyl of the 
linear tetramer ,1. and iv) acid-catalysed cyclization of .4, furnished the substituted 
calixarene 5. 
10 
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HCHO 
OH" 
(2) (1) 
HO OH 
OH OH OH 
(3) 
OH OH OH OH 
1 HCHO/OH-
R 
(4) 
H 
OH OH OH OH 
lw 
R 
R (5) 
Scheme 1.4. Four-step synthesis of calixarenes (No and Gutsche Method) 
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1.4. CALIXARENES. PROPERTIES 
It has been indicated that most of the physical and chemical properties of 
calixarenes are attributed to the intramolecular hydrogen bonds developed between 
the phenolic OH groups23. In fact, calixarenes exhibit a peculiar behavior, frequently 
analysed when these macrocyclic compounds are characterized. 
1.4.1. Melting Point 
p-tert-Butylcalix[n]arenes are ususally characterized by high melting points 
([n=4, 342-3440C], [n=6, 380-381 OC], [n=8, 4120C])24; however functionalization at 
the lower rim of their structures afford derivatives which generally me'it at lower 
temperatures than the corresponding parent compounds24. Such is the case of the 
esters, ketones, ethers and amides of calix[4]arene. (e.g. tetraethyl-p-tert-
butylcalix[ 4]arene tetraacetate25, 154-1550C; tetramethyl-p-tert-butylcalix[ 4]arene 
tetraketone25, 204-2Q70C; tetrapropoxy-p-tert-butylcalix[4]arene26, 246-2470C; and, 
tetrakis(N,N -dimethylaminocarbonylmethoxy )-p-tert-butylcalix[ 4 ]arenell ), 228-
229oc. 
It has also been reported that the substituent at the para position can produce 
a pronounced effect on the melting points, such is the case for calixarenes prepared 
from phenol groups carrying linear aliphatic chains at the para position (from n-octyl 
to n-octadecyl) which exhibit relatively low melting points27 
On the other hand, the effect of the structural differences on the melting points 
of some calixarene isomers has been reported by Bohmer and coworkers28. Thus, 
three isomers carrying methyl, tert-butyl phenyl and carboethoxy groups at the para 
position in different arrangements around the upper rim of the macrocyclic structure 
show melting points of 185-1900C, 2700C and 3680C; respectively. 
12 
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1.4.2. Solubility 
Although it has been often claimed that parent calixarenes are not very soluble 
in most solvents, very few quantitative data have been reported on the solubility of 
these compounds. Recently Danil de Namor29,30 has reported solubility data (see 
Table 1) for these macrocyclic compounds in various solvents at 298.15 K. From these 
data, the author has concluded that low solubilities of calixarenes (being the octamer 
less soluble than the tetramer) are mainly attributed to the intramolecular hydrogen 
bonds produced at the phenolic OH groups of the lower rim of the macromolecule, 
which appear to be more intensive in calix[8]arene where the pleated loop structure 
adopted by the phenol units makes shorter the distances between the OH groups30. 
Table 1.1. Solubility data (mol dm-3) ofp-tert-butylcalix[n]arenes (n=4,8) in 
various solvents at 298.15 K30 
Solvent ,e-tert-butylcalix[4]arene e-tert-butylcalix[8] arene 
Methanol (5.90±0.13)x1o-4 < Io-5 
Ethanol (3.30± O.ll)xi0-4 < Io-s 
N,N-Dimethylformamide (1.10± O.Ol)xlo-3 2.20xio-3 
Acetonitrile (4.73± 0.23)x1o-5 1.68xio-5 
n-Hexane (2.12±0.08)x1o-4 2.5lxio-5 
Chloroform (4.34± o.04)x1o-3 6.23xlo-3 
Benzonitrile {9.47± o.072xio-4 1.14x1o-2 
It has been experimentally observed that the solubility of calixarenes in organic 
solvents has been improved by the introduction of suitable functional groups either at 
the lower rim or at the para position of their structure. In these cases, the nature of the 
derivative plays a crucial role on the solubility of the macrocycle. Thus, data reported 
by Danil de Namor30 reflect that the solubilities of calixarene esters in methanol (ethyl 
13 
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p-tert-butylcalix[4]arene tetraethanoate, [EtCalix(4}] = 3.65xio-3 mol.dm-3 and n-
butyl p-tert-butylcalix[4]arene tetraethanoate, [n-BuCalix(4)] = 9.44xio-3 mol.dm-3) 
and in acetonitrile ([EtCalix(4)] = 1.12xiQ-2 mol.dm-3 and (nBuCalix(4)] = 4.80xio-2 
mol.dm-3) are higher than corresponding data for parent calixarenes (see Table 1.1), 
which is attributed to the hydrophobic nature of the ester group and to the nature of 
the solvent. 
Ungaro and coworkers31 prepared water-soluble calixarenes such as the 
carboxycalix[ 4]arenes (Fig. 1. 7) whose alkali and ammonium salts are soluble in water 
(0.5-SxiQ-3 mol dm-3) at pH ca 7. The solubilities of these salts are cation dependent 
(Na+, I<+, cs+, NJ4+ and Li+). Water-soluble calixarenes have been reported by 
Shinkai and coworkers32,33. These are known as sulphonated caiixarenes (Fig. 1.8) 
whose solubilities in water are much higher than those found for carboxycalixarenes. 
Furthermore, Gutsche et at34,35 have synthesized aqueous acid-soluble upper rim 
aminocalixarenes (Fig. 1.9) and aqueous base-soluble carboxycalixarenes (Fig. 1.10). 
4 
Fig. 1. 7. Tetracarboxymethyl ether of p-tert-butylcalix[ 4] arene 
OH 
Fig. 1.8. 4-Sodium sulphonate of calix[6]arene 
14 
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OH 
Fig. 1.9. p-Aikylaminomethylcalix[n]arene (n=4,6,8) 
COOH 
4 
OH 
Fig. 1.1 0. p-(2-Carboxyethyl)calix[ n] arenes ( n=4,6,8) 
1.4.3. Infrared Spectra 
It has been demonstrated that the intramolecular hydrogen bonds developed 
between the phenolic OH groups in unmodified calixarenes are detected easily by 
infrared spectroscopy. Although 0-H str absorption in non-bonding OH groups 
usually appears as a one medium strong peak centered around 3300 cm-1, in 
calixarenes this absorption gives rise to a very broad and strong 0-H str peak, whose 
position and intensity reflect the degree of hydrogen bonding present36. 
Data for 0-H stretching frequency obtained from the infrared spectra ofp-tert-
butylcalixarenes have been reported by Gutsche2 (see Table 1.2) 
15 
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Table 1.2. 0-H stretching frequency values for p-tert-butylcalix[n]arenes 
(n=4,6,8) 
Compound 
p-tert-butylcalix[ 4 ]arene 
p-tert-butylcalix[ 6] arene 
p-tert-butylcalix[8]arene 
3138 
3150 
3200 
The intramolecular character of the hydrogen bonding in parent calixarenes 
showed that the strongest interaction occurs in the cyclic tetramer and the weakest in 
the cyclic pentamer. These investigations were carried out by Tobiason and 
coworkers37 using FTIR (Fourier transform infra-red) measurements. 
Although calixarenes show very similar appearances in the fingerprint region of -
the infrared spectra, subtle inspection reveals differences attributed to the size of the 
macrocyclic ring38. Thus, the cyclic tetramer is characterized by a moderately strong 
absorption at 830 cm-1, the cyclic hexamer at 750 cm-1, and the cyclic octamer does 
not show any absorption. 
1.4.4. Ultraviolet Spectra 
The principal absorption bands of unmodified calix[ n ]arenes appear in the 
ultraviolet spectra as a major peak connected to a flat shoulder. The absorption 
maxima were found to be solvent dependent. 
Thus, for a calix[ 4]arene in chloroform, the ultraviolet spectra show absorption 
maxima at 280 (peak) and 290 (shoulder) nm. Functionalization at the upper rim (p-
alkylamino derivatives) did not lead to spectral changes34. However, lower rim 
16 
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functionalization ( esters25 amides39 and crowns40) resulted in two absorption maxima 
at 27 4 and 282 nm. Again these were solvent dependent. 
Consequently, derivatization at the phenolic hydrogens has been monitored by 
following the spectral changes observed in the uv41,42_ In this way, the 
deprotonation process of calixarenes was investigated. Small bathchromic shifts in the 
position of maximum absorption (290 and 310 nm) were observed. These substantial 
changes in absorbances and the shifts observed in the wavelengths of maximum 
absorption could be explained in terms of electron transfer conjugation reactions taking 
place in the deprotonation process or produced by virtual elimination of the protons 
after functionalization. 
Other studies involving UV measurements to monitor the course of calixarene 
functionalization are those by Conforth and coworkers41. These authors followed the 
oxyalkylation of calixarenes by observing the dissappearance of the characteristic 
absorption of free phenol (300 nm) and the appearance of an absorption peak at 270- \ 
280 nm arising from the derivative. 
UV absorption spectrophotometric measurements have been used to investigate 
complex formation involving lower rim calix[n]arene derivatives (esters, amides and 
crowns) with alkali and alkaline-earth metal cations in methanol and acetonitrile. The 
wavelength range used for these purposes was 250-300 nm. Usually, a decrease of 
intensity of the absorption maxima of the ligand (274-282 nm) with a relatively small 
shift at 282 nm was observed. Stability constants of metal ion complexes have been 
reported in these solvents. However, this method is unsuitable for this purpose when 
highly stable complexes are formed in solution (log Ks > 6) 
17 
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1.4.5. NMR Spectra 
1 H and 13 C NMR studies on calixarenes have been extensively reported to 
investigate the conformational structure of these compounds. It has been demonstrated 
that p-tert-butylcalix[ 4]arene in deuterated chloroform and at room temperature, gives 
rise to four different chemical shifts in the 1 H NMR spectra. Thus, single signals have 
been found for the protons from the hydroxy, aromatic and tert-butyl groups, whereas 
the two non-equivalent protons coming from the methylene bridges are designated by a 
pair the doublets with a coupling constant of 12-14 Hz (typical J value of geminal 
protons). 
In fact, the resonance of the CH 2 protons is often used to determine whether or 
not p-tert-butylcalix[ 4]arene or its metal ion derivatives show a cone conformation. 
In addition, 13c NMR spectra of p-tert-butylcalix[ 4]arene show seven 
resonance lines, four of them associated with the four non-equivalent carbon atoms in 
the aromatic ring, two with the carbon atoms from the tert-butyl group and one with 
the carbon atom in the methylene bridge. The chemical shift for this last signal, which 
appears at ca. 31 ppm is associated with the conformational structure of the tetramer. 
1 H NMR studies on p-tert-butylcalix[ 4 ]arene in chloroform carried out at 
different temperatures show a pair of doublets at ca 20oc which collapsed to a sharp 
singlet when the temperature was raised at 6ooc18,19_ It has been also demonstrated 
that the tetramer and the octamer at low temperatures ( ca QOC) retain the pair of 
doublets whereas only one singlet is observed for the latter even at temperatures as low 
as -9ooc43_ 
18 
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Based on NOB (Nuclear Overhauser Effect) experiments and the shifts 
induced by pyridine as a solvent, Ungaro and coworkers4 assigned the higher field 
doublet to the equatorial proton (closer to the aromatic rings) and the lower field 
doublet to the axial protons (closer to the hydroxyl groups). 
It may be noted that the singlet arising from the OH phenolic groups varies 
with the ring size of the calixarene and does not correlate particularly well with the 
strength of hydrogen bonding as assessed from the absorption frequencies in the IR. 
1.4.6. Mass Spectroscopy 
Although today the most generally used and powerful tool for the 
determination of molecular weights is mass spectrometry, the first mass spectral 
determination of calixarenes was carried out in 1964 by Erdtman and Ryhage44 using a 
macrocycle derived from resorcinol and acetaldehyde. The cyclic tetrameric structure 
associated with this derivative was confirmed by the presence of four aromatic residues 
detected under observation of a molecular ion signal at m/z = 656. 
Mass spectroscopy has proved to be useful to elucidate the structure of p-tert-
butyl[8]arene once exhaustive functionalization with trimethylsilyl residues was 
achieved. It was initially thought that the compound synthesized was the cyclic 
tetramer. 
Mass spectrometry has shown that whereas linear oligomers (homologous top-
alk:ylcalixarenes) cleave into their phenolic units under fragmentation in the ion beam, 
p-alk:ylcalixarenes lose the p-residues conserving their cyclic arrangement. 45 
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Although among the cyclic oligomers, calix[ 4 ]a rene resulted to be 
thermodynamically the most stable, molecular ion signals corresponding to the 
extrusion of one, two and three aryl moieties have been observed. 
1.5. CALIXARENES. CONFORMATIONAL STRUCTURE 
It has been demonstrated that calixarenes are molecules conformationally 
mobile even at room temperature19,43,46_ However, several conformations have 
been observed as a result of the free rotation of the phenolic units about the a- bonds of 
the tnethylene bridge groups. Thus, following the relative orientation of the phenol 
units, four main 11 Up-down 11 conformations for calix[4]arenes were reported by 
Gutsche38_ These have been named 11 Cone 11 (all up), 11 partial cone 11 (three up and one 
down), 11 1,2-alternate 11 (two up and two down) and 11 1,3-alternate'' (two up and two 
down) conformations, as illustrated in Fig. 1.11. 
R' R' R' 
R' 
cone partial cone 1, 2-alternate t ,)-alternate 
Fig l.ll. Conformation of calix[4]arenes 
Calix[4]arenes with free OH groups in the crystalline state adopt the cone 
conformation, which is stabilized . by a cyclic array of intramolecular hydrogen bonds 
between the hydroxy groups. This behaviour has also been seen in tetraoligomers 
containing different phenolic units47-50. Thus, several tetramers adopting the cone 
confonnation in the solid state have been reportect51-54 
Although the cone conformation for p-tert-butylcalixarene m solution is 
indicated inequivocally by 1 H NMR spectroscopy, the corresponding spectrum shows 
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an average signal for the protons of the four equivalent methylene groups as a result of 
the ring inversion process experimented by the tetramer. In this process, the OH 
groups passing through the interior of the macrocycle change the positions of the 
protons from equatorial to axial and viceversa. Computer simulations (molecular 
dynamics) suggest that the partial cone and alternate conformations are possible 
intermediates in this process55,56. In addition, the temperature-dependence of the 1 H 
NMR spectra18,24,57, can be used to derive the energy barrier associated with the 
ring inversion. 
Since this process requires interruption of intramolecular hydrogen bonding at 
the lower rim, the nature of the solvent affects considerably the energy barrier. Thus, 
1 H NMR spectra of calix[8]arene in non-H-bonding solvents are almost identical to 
those of the calix[4]arene43. However, these similarities disappear in pyridine solution 
indicating also that the conformational rigidity of the octamer is due primarily to 
intramolecular H-bonding. 
1.6. CALIXARENES. COMPLEX FORMATION 
Parent calixarenes are characterized by the presence of a hydrophobic cavity 
able to interact with neutral species. Functionalization of phenolic hydrogens led to a 
large variety of derivatives such as esters, ethers, ketones, amides, etc, which are 
essentially hydrophilic regions able to interact with metal cations. The interaction of 
calixarenes with neutral and ionic species is now discussed. 
1.6.1. Interaction of calixarenes with neutral species 
Many of the calixarenes form crystalline complexes with a variety of small 
molecules. Thus, the inclusion and extrusion of a neutral guest ( eg. toluene) in the 
hydrophobic cavity of the p-tert-butyl tetramer, was foreseen by Gutsche2. Similar 
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inclusion complexes have been found with benzene, ·xylene, anisole and pyridine52,58. 
On the other hand, the p-tert-butyl octamer forms complexes with methanol and 
chloroform2. Complexation of p-tert-butylcalix[8]arene with the latter guest is 
stronger than that for the hexamer and chloroform. 
Calixarene derivatives frequently show a marked tendency to form complexes 
with neutral species. For example, the tetraacetate of p-tert-butylcalix[8]arene retains 
methanol, chloroform and ethyl acetate far more smoothly than does the parent 
compound 59. Another example of inclusion complexes is that found between 
calix[ 4 ]arene tetracarbonate and acetonitrile where the guest resides in the 
hydrophobic cavity. 
Atwood60, using X-ray diffraction studies, has shown the existence of an 
inclusion complex of water by a calix[ 4]arene sulphonate. In this case, a water 
molecule sits in the distorted conical cavity with its two hydrogen atoms directed 
toward the two nearest juxtaposed benzene rings. Structures of this type may serve as 
important models to investigate the interaction of water molecules with aromatic 
moieties in biological systems 56. 
On the other hand, the most convincing examples of inclusion of neutral 
organic guests in solution in the form of 1: 1 complexes are found in water as the 
solvent (in this case hydrophobic interactions are crucial). Shinkai61 has interpreted 
electronic spectral changes of phenol blue in water containing a calix[ 6]arene 
sulphonate, in terms of specific complex formation within the cavity of the latter with 
the hydroxyl groups stabilizing the charge separated excited state of the guest. In 
addition, Gutsche62 has used water soluble calixarenes in solid-liquid extraction of 
aromatic guests. On the basis of cavity size, some molecular recognition properties 
were found, although the selectivity of the macrocycle with the guest was relatively 
poor. 
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1.6.2. Calixarene-Amine Interactions 
Although, CH3-1t interactions control the formation of intramolecular 
complexes of p-tert-butylcalix[ 4 ]arenes with aromatic molecules, the interaction of 
these macrocycles with amines has been a subject of current interest. It has been 
demonstrated that certain amines (strong bases) may be able to form another type of 
solution complexes with calixarenes ( endo-calix complex)63 . Such is the case for the 
interaction of p-allylcalix[ 4]arene and tert-butylamine in acetonitrile. Changes in the 
chemical shifts of the tert-butylamine and the aromatic protons of the calixarene were 
observed in the 1H NlV1R spectra. Changes in the rate of conformational inversion of 
the calixarene were also detected63,64. These findings were interpreted as an acid-base 
process taking place between the calixarene (ArOH) and amine (RNH2) to produce the 
calixarene anion [(ArO)-] and the tert-butyl ammonium cation [(RNH3)+] followed by 
association of the ions (endo-calix complex: [(ArO)-]. ... [(RNH3)+]), (see eqns 1, 2 
and 3). 
ArOH + RNH2 <=> ArO- + RNH3+ ... K1 
ArO- + RNH3+ <=> ArO-.. . +H3NR ... K2 
ArOH + RNH2 <=> ArO-... +H3NR ... K 
(1) 
(2) 
(3) 
The proton transfer process ( eqn. 1) was observed by UV spectral 
measurements whereas the global process ( eqn. 3) was discerned from 1 H NlV1R 
studies. Similar behaviour was found when p-tert-butylcalix[4]arene was used. In 
contrast to the behaviour observed for strong amines, weaker amines (aniline) do not 
form this kind of complexes. 
Amine-calixarene interactions have also been investigated by Bohmer and 
Vicens65_ In this case, two different p-mononitrocalix[4]arenes were allowed to 
interact with triethylamine in 1, 4-dioxane. From UV spectral measurements, the 
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stability constant values for the interaction process were determined whereas the 
formation of an ion-pair was observed. The authors have reported that the formation of 
an endo-calix complex does not occur in this solvent. 
Gormar et af66 using UV spectrophotometry studied the interaction the p-tert-
butylcalix[n]arene (n=4, 8) with several hindered piperidines in acetonitrile. Thus, the 
complex stoichiometry and stability constant values for complex formation were 
determined. Table 1.3 summarizes stability constants (Ks) for these systems in 
acetonitrile at 25 °C. The stoichiometry of complex formation was also reported. 
The K8 values shown in Table 3 .1 reflect the effect of the hindered substituents 
in the amine when these organic molecules react with p-tert-butylcalix[ 4]arene. 
However, non-steric effect-dependence in K8 is observed for the interaction of these 
compounds with p-ter(-butylcalix[8]arene. The interaction of diamines with calixarenes 
has also been investigated. It was found that 2:1 (calixarene:amine) complexes are 
formed with the tetramer and the octamer. Formation of endocalixarene complexes 
was not detected. 
Recently, electrochemical, thermodynamic and structural studies involving 
amine-p-tert-butylcalix[n]arene (n=4,6,8) interactions in benzonitrile and nitrobenzene 
at 298.15 K have been carried out by Danil de Namor et af29,61-69. As a result of 
these studies it has been indicated that i) in extraction processes, the transfer of the 
amine from water to benzonitrile is favoured by the presence of calixarene in the 
organic phase and ii) the main contribution to the extraction process results from ion-
pair formation in the organic phase. Furthermore, it has been stated that cryptand-
calixarene interaction leads to a double switching mechanism by which the inherent 
properties of both, the proton donor ( calixarene) and the receptor ( cryptand) are 
altered. 
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1.6.3. Cation complexation 
Parent calixarenes can function as ionisable receptors, a property first exploited 
by Izatt's group in an attempt to achieve selective transport of alkali-metal cations from 
an alkaline aqueous phase to another through a chloroform membrane containing p-
tert-butylcalixarenes5. 
Although the p-tert-butyltetramer, hexamer, or octamer are ineffective in 
interacting with cations in neutral solution, they show considerable transport ability in 
basic solutions. In fact, the cyclic octamer appears to be the most effective in its 
transport ability for cs+. The presumption that neutral alkali phenoxides contain the 
cation in or near the hydrophobic cavity has been recently confirmed by the results 
obtained from i) X-ray diffraction studies of a neutral caesium salt of the tetramer70 
and ii) 13Ics Niv1R measurements on a Cs+-calix[4]arene complex in which two 
opposite p-positions are bridged by an aliphatic chain 71. Both investigations show that 
the caesium cation is found in the centre of the cavity. These findings led to the 
conclusion that the macrocyclic ring must play a crucial role in the interaction with the 
metal cation since no efficient extraction was achieved with the monomer (phenol or p-
tert-butylphenol). 
In addition, the study carried out by Izatt and coworkers indicated that 
calixarenes possess useful features as ion carriers due to their potential for allowing the 
coupling of cation transport with the reverse flux of protons. Harrowfield et a[12 
demonstrated that the deprotonation of p-tert-butylcalix[8]arene provides a means of 
converting the lanthanides into complexes that are soluble in organic solvents. 
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1.7. CALIXARENE DERIVATIVES. UPPER RIM 
FUNCTIONALIZATION 
Although the upper rim of the framework of p-tert-butylcalix[n)arene (n=4-8) 
contains a hydrophobic cavity that is potentially able to complex neutral substrates, a 
limited number of complexes resulting from interactions between hydrophobic organic 
substrates and the upper rim cavity has been reported. The removal of p-tert butyl 
groups and subsequent introduction of appropriat£ substituents at the para position of 
the phenolic rings of these macrocycles resulted in a series of derivatives able to 
interact with metal cations. 34,73 
The following discusses the methods used for the de-tert-butylation of p-tert-
butylcalix[n]arenes (n=4,6,8) 
1. 7.1. De-tert-butylation of p-tert-butylcalix[n]arenes (n=4,6,8) 
Although para functionalization on the upper rim of calixarenes has been 
developed with success using parent calixarenes as the starting materials, Ungaro 7 4 
and Gutsche 75 have described standard procedures for the preparation of parent 
calixarenes using p-tert-butylcalixarenes as starting materials. Thus, the removal of the 
tert-butyl groups was achieved by a catalyzed retro-Friedel Crafts reaction. Excellent 
yields 76 were obtained (Scheme 1.5). The method developed by Gutsche was based 
on previous research involving the transalkylation of phenols. 77 
ｾ＠
OH 
Toluene, r. t. 
{94 
OH 
Phenol, AlCh 
Scheme 1.5. Friedel Crafts transallcylation (De-tert-butylation) of calixarenes 
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1. 7.1.a. via Claisen Rearrangement 
Although direct introduction of functional groups via an electrophilic 
substitution reaction has failed in most cases 78, Gutsche 79 indicated that to effect 
facile bromination and Friedel Crafts acetylation (synthesis of p-acetyl, p-carboxy, and 
p-carbomethoxy of calix[ 6]arene and calix[8]arene ), it was necessary to convert the 
corresponding calixarene to an ether, such as the methyl ether. However, using a 
Claisen rearrangement route (a prototype of the electrocyclic reaction), few methods 
for the preparation of p-substituted calix[ 4]arenes have been suggested. In these 
methods, de-tert-butylcalix[ 4]arene converted into the tetraallyl ether undergoes a 
heat-induced Claisen rearrangement to yield p-allylcalix[ 4 ]arene which is used as the 
starting material for the introduction of functional groups. Representative examples are 
the synthesis of an oxime-calixarene derivative and that of p-(2-
aminoethyl)calix[4]arene. These are shown in Scheme 1.6. 
A further development by Gutsche75 was to employ an electrophilic 
substitution reaction for the preparation of monoallylcalix[ 4]arene, which was 
considered of particular interest due to its potential for the synthesis of upper rim 
monosubstituted calixarenes. 
NaH,DMF/THF 
Refluxing ｾ＠
OH ｾ＠ OH 
Scheme 1.6. Claisen rearrangement route 
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1. 7.1.b. via Sulphonation 
Successful achievements in the p-functionalization of calixarenes include the 
sulphonation of calix[6]arene, reported by Shinkai and coworkers32_ Thus, the 
resulting derivatives were prepared in high yields, by direct sulphonation of the parent 
calix[6]arene in concentrated H2S04 at 100°C followed by subsequent neutralization 
with CaC03 and treatment with Na2C03 (Scheme 1.7). Following this procedure, 
Shinkai80 aiming to investigate the inclusion properties of calixarenes in solution, 
designed a new group of water-soluble anionic and cationic calixarene derivatives 
(mainly calix[6]arenes). Thus, p-nitrocalix(6]arenes and calix[6]arenes carrying 
carboxylic groups in the lower rim were prepared using p-sulphonate calixarenes as 
the starting materials. 
ｾ＠
OH 
ｾ＠
OH 100 °C 
Scheme 1. 7. Direct p-sulphonation of calix[6]arene 
1. 7 .l.c. via the Mannich Reaction 
The Mannich reaction was applied by Gutsche and Nam34 for the preparation 
of p-functionalised aminocalixarenes. In this case, de-tert-butylcalix[ 4]arene in the 
presence of a secondary amine, under the effect of formaldehyde and after conversion 
to the corresponding quaternary salt, resulted (by nucleophile) in a p-substituted 
calix[ 4]arene via a putative calixarene p-quinone methide intermediate (Scheme 1.8). 
Thus, functionalised calix[ 4]arenes carrying cyano groups were reduced and 
consequently, a new derivative {p-(2-aminoethyl)calix[ 4]arene} was obtained in good 
yield, which has resulted to be an useful complexing agent for transition metal cations. 
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HCHO ｾ＠
OH ｾ＠ OH 
Scheme 1.18. p-Aminocalixarenes via the Mannich Reaction 
1. 7.1.d. via Chloromethylation 
Ungaro and coworkers81, reported for the first time a procedure for the 
chloromethylation of calix[n]arenes (n=4,6,8) using chloromethyl n-octyl ether and 
tin(IV) chloride (SnCl4) in chloroform, at room temperature. It was performed in good 
yields, and the chloromethylated product obtained was used as an intermediate for the 
introduction of phosphoric acid groups in the structure of calixarenes in order to 
prepare water soluble calixarene derivatives. (Scheme 1.9) 
ｾ＠
OH OH 
Scheme 1.9. p-Chloromethylation of Calix[n]arenes (n=4,6,8) 
1. 7.1.e. p-non-Symmetrical calix[ 4Jarene derivatives 
Despite that there are several procedures available for the introduction of four 
identical substituents at the para position of the phenolic rings of calix[ 4 ]arene (except 
one example by Gutsche and Lin 75) until now the only method reported for the 
synthesis of non-symmetrical calix[ 4 ]arenes is that developed by Bohmer et af18 
(stepwise routes) and extended by Mendoza82. Selective diametrical functionalization 
of calix[ 4 ]arene at the upper rim, either by the selective removal of the p-tert-butyl 
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groups and subsequent substitution or by selective reactions at the phenol rings of 
dialkoxycalix[ 4]arenes without the tert-butyl groups has been reported by van Loon 
et aJ83. 
In addition, a review article published by van Loon and Reinhoudt84 
summarizes the existing methods under three groups. These are based on: i) Transfer 
of functionality to obtain difunctionalised calix[ 4 ]arene at the upper rim via a 
rearrangement reaction. ii) Direct substitution, taking advantage of the fact that 
electrophilic aromatic substitution reactions are much faster on phenols than on 
alkylated phenols. Therefore, a variety of substituents (Br, N02, CHO, CH2NMe2) 
can be introduced selectively at the para position of dialkylated calix[ 4 ]arene. iii) 
Selective de-tert-butylation, which comprises the selective removal of two p-tert-butyl 
groups from the phenolic nuclei of a dialkoxy-tetra-p-tert-butylcalix[ 4 ]arene by a 
Friedel-Crafts transalkylation under mild conditions, making the para position of the 
phenolic rings available for further substitution using the methods described above [i) 
and ii)], while the remaining two para positions are protected. 
1.8. CALIXARENE DERIVATIVES. LOWER RIM 
FUNCTIONALIZATION 
There is a great deal of evidence that calixarenes are amenable to chemical 
modification (through the phenolic OH hydrogens) which make them useful neutral 
receptors or baskets for a range of cation guests including transition 
metals61,72,85,86. In functionalised calixarenes e.g. the tetraethyl ester derivative, the 
macrocycle acts as a substructure or platform attached (via the phenol oxygen atoms 
of the lower rim) to an array of functional groups capable of acting as primary binding 
sites for metal cations. Lower rim calixarene derivatives such as esters, ketones, 
amides and thioamides are particularly effective for cation complexation showing some 
similarities to neutral ionophores such as those of the valinomycin group. 86 
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Calix[ 4]arene derivatives in their cone conformatien in which functional groups are 
highly preorganized, are ideally suited for this purpose. 
Although it is known that unmodified p-tert-butylcalix[ 4 ]arene adopts a cone 
conformation because of strong hydrogen-bonding interactions among the OH 
groups38,87 ,88, the introduction of substituents such as alkyl or acyl in the phenolic 
OH hydrogens supresses the conformational freedom because of steric hindrance 
(inhibition of the oxygen-through-the-annulus rotation) and conformational 
isomers89,90 are obtained. 
Therefore, in the same way that unmodified calixarenes, p-tert-
butylcalix[ 4] arene derivatives, can lead to four different conformers (conformationally 
inmobile calix[4]arenes: "cone", "partial cone", "1,2-alternate" and "1,3-alternate") as 
shown in Fig. 1. 11, section 1. 5. 
1.8.1. 0-functionalization of p-tert-butylcalix[n]arenes: Acylation, 
Esterification, Alkylation (introduction of ether, ester, amide, ketone and 
pyridyl groups). 
Ungaro and coworkers 7 4 replaced the phenolic OH hydrogens of calixarenes 
by linear polyethylene chains according to Scheme 1.1 0, but found that this derivative 
adopted a partial cone conformation where the potential ligating groups were attained 
in a non convergent arrangement. 
ROTs, benzene 
Scheme 1.10. 0-functionalization with oligoethylene glycol units 
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Later on, the same authors91 synthesized· a calixaryl crown ether. For this 
purpose, a poly(ethyleneoxy) chain containing four oxygen atoms was used to cap two 
opposing phenolic groups in the calixarene. In this way, the first bridged calix[ 4]arene 
was prepared. This macrocycle displays ionophoric activity in neutral and alkaline 
aqueous solutions. 
A convenient method for the preparation of fully alkylated calixarene ethers 
(the most typical method for tetra-D-substitution) was reported by Gutsche89. This 
procedure involves treatment of a solution of the calixarene in a tetrahydrofuran-N,N-
dimethylformamide (THF:DiviF) mixture with alkyl halide in the presence of sodium 
hydride (Scheme 1.11 ). It was initially designed for the methylation of some phenols by 
Stoochnofi92. Thus, methyl, ethyl, allyl and benzyl ethers have been prepared in this 
fashion in excellent yields. 89 
BrR, NaH 
Scheme 1.11. Typical method for tetra-0-substitution 
In addition, Ungaro4 and Chang42 using similar reaction conditions to those 
suggested by Gutsche, performed tetra-0-alkoxycarbonylmethylation of p-tert-
butylcalix[ 4 ]arenes affording ester derivatives in good yields which have been shown to 
exist in cone conformations. 
Using the esters as starting materials, Ungaro31 prepared water soluble 
calixarene derivatives known as calixarenetetracarboxylic acids with the aim of using 
these macrocycles as receptors for neutral species. 
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X-ray structural studies showed that by the· introduction of functional groups, 
such as esters10,31,42,93, ＱｾｴｯｮﾫｳＹＴＬ＠ or amidesll,95 in the structure of parent 
calixarenes, derivatives with a slightly distorted cone conformation were obtained. 
Lower rim pendant functionalities are convergently arranged defining a hydrophilic 
cavity which binds the metal-ion (particularly alkali-metal cations) to give capsular 
complexes11,95. 
A literature survey indicated that the introduction of ester and ketone carbonyl 
groups can also be brought about by exhaustive alkylation of the phenolic groups25. 
For these purposes, ethyl bromoacetate and chloroacetone (used as derivatizing 
agents) were allowed to react with p-tert-butylcalix[4]arene in hot acetone containing 
anhydrous potassium carbonate (Scheme 1.12). 
BrCH2COOEt, K2C03 ｾｲｮｊＬ＠Acetone, reflux. 
OCHzCCXX::2Hs 
ｾＢｦＮ＠
CICH2COCH3, K2C03 ｾ｣ｵＬｾＬ＠Acetone, reflux. 
ｏｃｈｺｃｾ＠
Scheme 1.12. Introduction of ester or ({etone groups in calixarenes 
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Shinkai et afJO, using the typical method of tetra-0- substitution, attempted the 
tetra-0-propylation of p-tert-butylcalix[ 4 ]arene. However, derivatives in cone and 
partial cone conformations in a 1 : 1 ratio were afforded. 
Later on, Shinkai et afJ6,97 in their studies about conformational 
inmobilization of calix[ 4]arenes, concluded that the conformers distribution is 
significantly affected by the nature of the alkali and alkaline-earth metal cation 
constituent of the base, which seems to play a crucial role as a template agent in the 
determination of the conformer distribution. 
In order to extend the coordination chemistry of calix[ 4 ]arenes to transition 
metals cations34,98, Bottino et atJ9 designed and synthesized calix[4]arenes based 
receptors that are conformationally fixed in a cone conformation carrying pendant 
pyridine groups as potential binding sites. In this attempt, conformers were also 
produced and 1,2 alternate disubstitution was realised. This synthetic approach opened 
up new perspectives for the preparation of calix[ 4]arenes with mixed ligating groups in 
which most efforts are now directed. 
On the other hand, Beer and coworkerslOO have reported the preparation of a 
series of new calix[4]arene molecules including a cryptand-calix ligand containing 
recognition sites such as pyridyl, bipyridyl and thioether groups (by adapting 
Reinhoudt et al's selective method of attachment of substituents at 1 ,3-distal hydroxyl 
groups of calix[4]arene101). Preliminary coordination investigations have led to the 
successful isolation of copper(II), copper(!) and silver(!) complex species in which the 
respective bound transition metal cation is located at the modified lower rim 
calix[4]arene binding site. 
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These illustrative cases indicate that preorganization of the binding sites prior 
to complexationl02 appears to be of paramount importance in determining the ligating 
ability of these calix[ 4 ]arene derivatives. 
1.8.1.1. Cation complexation of lower rim calixarene derivatives 
Cation complexation, selective extraction of cations, ion-transfer through liquid 
membranes, thermodynamic and electrochemical studies involving calixarene 
derivatives have been the subject of several publications10,25,39,42,93,103,105. 
Among them, particularly interesting are those involving the extraction of metal 
cations by lower rim functionalised calixarenes although these studies have been mainly 
geared to demonstrate the practical applications of these macro cycles and these do not 
represent an exhaustive investigation aiming to analyse the individual processes which 
contribute to the overall extraction of cations by lower rim calixarene derivatives. 
Thus, in a liquid-liquid extraction experiment, Chang42, found that the p-tert-
butylcalix[4]arene methyl ether exhibits slight selectivity for Na+. Arduini et azll 
found that p-tert-butylcalix[ 4 ]arene tetraacetamide is a more efficient but less selective 
ligand for the extraction of alkali- metal picrates in the water-chloroform solvent 
system .. Following this work, Pappalardo and coworkers99 reported that p-tert-
butylcalix[4]arenes bearing pendant pyridine groups at the lower rim extract alkali-
metal cations less efficiently than calix[ 4]arene tetraamides despite that the selectivity 
follows the expected order (Na+>I(+>Rb+>cs+)ll as assessing from stability constant 
data. Although Pappalardo and coworkers synthesised these derivatives to extend the 
coordination chemistry of calix[ 4]arenes to transition metals, the extraction properties 
of p-tert-butylcalix[ 4 ]arene bearing pendant pyridine groups was not reported. 
Simultaneously, Shinkai et a/06 used calix[6] and calix[8]arene derivatives bearing 
two pyridylmethyl pendant groups at the lower rim for the extraction of alkali-metal 
picrates. It was found that the ability of the hexamer to extract these cations was 
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greater than that for the octamer. Thus, the sequence observed for the extraction of 
alkali-metal cations by the hexamer was cs+>K+>Na+, while that for the octamer was 
｣ｳＫｾｋＫ＾ｎ｡ＫＮ＠
Although most of the complexation studies with calixarene derivatives are 
referred to alkali and alkaline-earth metal cations, the introduction of donor groups 
(bearing N or S atoms) at the lower rim of these compounds makes these compounds 
suitable hosts for transition metal cations. With this purpose in mind, Shinkai 107 
synthesized calix[n]arenes (n=4,6) carrying hydroxamate (CH2CONHOH) and 
dimethylaminocarboxy [CH2CONH(CH2)2NMe2] groups at the lower rim in order to 
proceed with the selective extraction of transition metal cations (Fe3+, Co2+, Ni2+, 
Cu2+, zn2+, Pd2+ and Pt4+) from water to chloroform by these macrocycles. 
Hydroxamate derivatives of the tetramer and the hexamer showed that the selectivity 
towards Fe3+, cu2+ and Pd2+ was pH dependant with the hexamer exhibiting better 
extraction properties than the tetramer. For the dimethylaminocarboxy derivatives, 
selective extraction of Pd2+ and Pt4+ was achieved by the tetramer and the hexamer. 
Examination of the extraction mechanism established that these cations are extracted as 
ion-pairs in the organic phase. It was indicated by the author that the functionalities 
attached to the calixarene are circularly arranged at the lower rim in a way that these 
macrocycles provide novel binding sites for interaction with metal cations. 
Liquid-liquid extraction studies of alkali and transition metal cations (Li+, Na+, 
K+, Hg+, Hg2+, Co2+, Ni2+, Cu2+, Cd2+, Fe3+ and Cr3+) by calix[n]arenes (n=4,6) 
bearing oxime groups [CH2C(CH3)NOH] at the lower rim in the water-chloroform 
solvent system were carried out by Deligozl08. The results indicated that these ligands 
are very suitable extracting agents for transition metal cations, particularly, Hg+, 
Hg2+, Cu2+ and Cr3+, but are unable to extract alkali-metal cations to any significant 
extent. The order of the extractability observed was Hg+>Hg2+>Ag+>cu2+>cr3+. 
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Recently, Bohmer23 in a review article on the complexation of transition metal 
cations and calixarenes indicated that "systematic and in particular comparable 
studies on the complexation of metal ions are scarce. Therefore, general conclusions 
cannot yet be drawn". 
1.8.2. Esters of p-tert-butylcalix[n]arenes 
Tetraalkyl esters of p-tert-butylcalix[ 4]arene are among the most widely used 
lower rim calixarene derivatives. This may be attributed to: 
i) Their excellent binding properties with alkali metal cations which have been 
investigated by solvent extraction25,42,94, ion-transport through liquid membranes25, 
UV spectroscopy25,94, calorimetry109 and potentiometry. A detailed thermodynamic 
study on these systems has been recently reported 110,111. 
ii) Their efficiency as extracting agents which are also exhibited by the esters 
derivatives of the hexamer and octamer. 
iii) Their applications in analytical processes (ion-selective electrodes). In addition, 
calix[ 4]arene esters have been used as starting materials for the preparation .of several 
other derivatives, where a partial or total modification of the ester group has been 
performed. Such is the case for carboxylic acids4,31,112 and amide113 calix[n]arene 
derivatives. There is a large variety of other derivatives which can be prepared from 
the esters when modification or introduction of a functional group compromises one of 
the ester groups in these derivatives. 
Functionalization at the lower rim of calixarenes is associated with, 
i) The deprotonation of the polyacid macrocycles ( calixarene) where the extensive 
hydrogen bonding resulting from the interaction between the phenolic units affects the 
acid strength of the macro cycle. 
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ii) The reactivity of the electrophilic reagent (functional group to be introduced) which 
is determined by the stability of the leaving group and affected by the steric hindrance 
of the complexing entity from which electrons are donated. 
Dynamic 1 H NJ\.1R measurements of several calixarenes19,43,46 have 
demonstrated that being parent calix[ 4 ]arenes conformationally mobile compounds, 
in most cases these can be frozen into a single conformation, even at room 
temperature, when derivatization occurs. 
Consequently, the conformational mobility of calixarenes has also been 
associated with their functionalization. However, few attempts have been made to 
clarify this situation. Thus, Shinkai and coworkers96 have explained the crucial role 
played by the metal ion (from the base) indicating that a metal template effect controls 
the conformer distribution 1n the tetra-0-substitution process of p-tert-
butylcalix[ 4]arene. 
Neri et azll4 discussing the alkylation of p-tert-butylcalix[8]arene, explained 
regioselectivity by assuming that alkylation proceeds via a sequence of alternating 
monodeprotonation and alkylation steps, where the phenoxide monoanions fanned 
during these processes are stabilised by hydrogen bond formation. 
1.8.2.1. Preparative methods currently used for the synthesis of calixarene esters 
Two methods have been mainly used for the preparation of calix[ 4]arene esters 
in the cone conformation (Schemes 1.11 and 1.12). These have been reported by: 
i) Ungaro and coworkers4,31 who synthesized the tetra-tert-butyl ester of p-tert-
butylcalix[ 4]arene in good yield by reacting the corresponding calixarene with alkyl 
bromoacetate and sodium hydride in a tetrahydrofurane/dimethylformamide mixture. 
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This method introduced by Gutsche89 in 0-Alkylation (ethers and esters) of 
calixarenes was initially proposed by Stoochnoft92 for the methylation of some 
phenols. By introducing some modifications in the procedure suggested by Ungaro, 
Chang42 reported the synthesis of the ethyl ester of p-tert-butylcalix[ n ]arenes 
(n=4,6,8) indicating that for the tetramer ester, the sodium bromide complex of p-tert-
butylcalix[ 4 ]arene was obtained. 
ii) McKervey25 using ethyl bromoacetate in hot acetone containing anhydrous 
potassium carbonate, synthesised the ethyl p-tert-butylcalix[n]aryl esters (n=4,6,8) and 
the corresponding de-tert-butyi series as crystalline solids. 
A literature review96,97,115-120 indicated that the use of bases and solvents 
other than those discussed above leads in many cases to products which are essentially 
a mixture of substituted calixarenes. 
1.8.2.2. Binding properties of calixarene esters and their use in membrane 
transport and as extracting agents 
The binding properties of calixarene esters have been studied by various 
groups4,10,25,42,93. The ability of ethyl p-tert-butylcalix[4]arene acetate to complex 
alkali-metal cations and the selectivity shown toward the sodium cation have been 
demonstrated in several studies by using different methods. 
The results obtained from these studies have indicated that such complexing 
abilities are a consequence of a genuine macrocycle effect93,114 operated from the 
rigid cone structure of p-tert-butylcalix[ 4]arene4 on the four ester ligating groups, 
forming a preorganized ionophoric cavity able to encapsulate alkali-metal cations with 
great efficiency and selectivity. 
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On the other hand, it has been reported that extraction experiments can lead to 
abundant physicochemical information121,122. Thus, quantitative evaluations of the 
complexing and phase transfer abilities of calixarene esters toward metal cations have 
been carried out in several studies dealing with extraction processes of alkali-metal 
picrates from water to chloroform or to dichloromethane. However, some 
controversial statements have been made regarding the reliability of thermodynamic 
data derived from extraction. Nevertheless, in a critical review by Smith and Sinta122 
on the effect of solvent and salt concentration on the extraction equilibrium constant, 
these authors concluded that reliable thermodynamic data can be derived from 
extraction measurements. 
Danil de Namor et afllO indicated that for complexes of high stability, data 
derived from spectrophotometric measurements may be misleading. Such is the case 
for some stability constant values for calixarene ester derivatives and alkali-metal 
cations in methanol and acetonitrile25. 
These authorsllO using silver electrodes developed a double competitive 
potentiometric method involving cryptands and calixarenes, for the determination of 
equilibria data for highly stable complexes of alkyl calix[ 4]arene derivatives in dipolar 
aprotic media (acetonitrile and benzonitrile) at 298 . 15 K. Corresponding data for less 
stable complexes have been derived from thermochemical measurements using titration 
calorimetry. 
From this investigation, these authors concluded that in acetonitrile and 
benzonitrile, the stability of the resulting complexes result to be enthalpically controlled 
and that the entropies of formation reflect marked differences between the solvation of 
the ligands relative to their metal-ion complexes. 
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Complexation and solution data 111 for the host, guest and the resulting 
complex have been used for the calculation of the thermodynamics associated with the 
coordination process referred to reactants and product in the solid state. 
1.9. CALIXARENES- USES 
The recognition that calixarenes are able to form inclusion complexes with 
metal cations and their properties as molecular receptors or enzyme models m 
derivatives with ligating functional groups led to the application of this group of 
macrocyclic compounds to different areas of chemistry including the industrial field . 
Thus, the recovery of caesmm from nuclear waste aqueous solutions 
5 (containing mixtures of cations) by calixarenes has been proposed by Izatt . Another 
application is that for uranium recovery from sea water which has been achieved by the 
use of a ｣｡ｬｩｾ｛Ｖ｝｡ｲ･ｮ･＠ hexaacid attached to polystyrene.123 
In the analytical field, the use of calixarenes for the development of ion-
selective electrodes has been reported. Thus, ion selective electrodes forK+ and cs+ 
have been made by using dioxocalix[4]arene and calix[6]arene, respectively, as the 
ionophore124. Also PVC membranes made from calix[ 4 ]arene derivatives with 
remarkable Na+ selectivity are being successfully used for the development of sensors. 
The simultaneous analytical determination of Pb2+, Ag+ and Cd2+ ions, by 
using differential pulse anodic stripping voltammetry, has been achieved by the use of 
certain type of electrodes containing calixarene derivatives bound onto the surface56. 
Profiting from this kind of applications, calix[ 4]arenes bearing sulfur and 
nitrogen atoms which can selectively bind enviromentally important heavy metal ions 
such as Hg2+ and Ag+ are being investigatedl00,125-128_ 
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In addition, the separation of alcohols, chlorinated hydrocarbons and aromatic 
compounds by using p-tert-butylcalix[8]arene as the stationary phase in gas 
chromatography has been reported 129. 
Ester and ketone calixarene derivatives used in epoxides and silicone materials 
as metal cationimmobilising additives in order to prevent corrosion or malfunction of 
electronic components are under continuous investigation130. 
Another important aspect which has received attention is that related to the 
synthesis of calix[ 4]arenes bearing four different groups in para position or 
calix[ 4 ]arenes incorporating meta-substituted phenolic units. These may lead to the 
production of molecular receptors capable of chiral recognition including 
enantioselective transport of bioactive molecules. Furthermore, kinetically stable 
complexes of radioisotopes using calixarenes may also find important applications in 
medical diagnosis and therapy. 
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AIMS OF THE WORK 
The overview given in the Introduction about the progress so far made in the 
field of calixarene chemistry led to the selection of three main topics covering aspects 
which range from parent calixarenes to the synthesis of new lower rim calixarene 
derivatives. These are described separately. 
1. CALIXARENE-AMINE INTERACTIONS 
64,66 Gutsche and others using mainly spectrophotometric techniques 
established that calixarenes are able to interact with amines via a proton transfer 
reaction. Most of these studies were carried out in acetonitrile as the medium. 
However, it was thought that the extent of interaction between calixarenes and amines 
was likely to be related to the acid-base properties of the interacting species. 
Therefore, it was relevant to determine the protonation constants of the amines and the 
dissociation constants of p-tert-butylcalix[n]arenes (n=4,6,8) in the appropriate 
solvent. Based on the rather low solubility of parent calixarenes in water, it was 
considered of interest to investigate the abilities of these macro cycles to extract amines 
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from aqueous solutions. However, such an application requires the use of a solvent 
that unlike acetonitrile is practically inmiscible with water. In such a system, a direct 
partition of the amine in the presence and absence of calixarene could be achieved. So 
far, research aiming to investigate the extraction properties of calixarenes is not geared 
to make a quantitative assessment of the individual processes which contribute to the 
overall extraction of neutral or ionic species by calixarenes. Therefore, the main aim of 
the investigations to be carried out on calixarene-amine interactions involves 
1. An study of the acid-base properties of p-tert-butylcalix[n]arenes (n=4,6,8) and 
amines in benzonitrile at 298.15 K. This solvent is chosen because i) it provides a good 
solvating medium for calixarenes as assessed from quantitative data on the solubility of 
these macrocycles in this medium. ii) A phase separation between water and 
benzonitrile can be achieved and their mutual solubility is indeed very low. 
2. A quantitative assessment on the individual parameters which contribute to the 
extraction of amines from aqueous solutions by calixarenes in the organic phase. 
2. CALIXARENE ESTERS: SYNTHESIS AND EXTRACTION 
PROPERTIES 
An interesting group of calixarene derivatives are the alkyl p-tert-
butylcalix[n]arenes (n=4,6,8) due to their ability to interact selectively with alkali-metal 
cations and their use as starting materials for a number of reactions. Having listed the 
experimental conditions for the preparation of these compounds in the Introduction, it 
is concluded that the methodology available requires 
i) excess amounts of the base or the electrophilic agent or both, 
ii) anhydrous organic solvents, 
iii) in some cases long periods of time (several days) for their preparations. 
45 
Introduction 
Despite that the phase transfer catalysis method has developed extensively in 
synthetic organic chemistry, no attempts have been made to use this approach for the 
synthesis of calix[n]arene esters (n=4,6,8). Indeed as far as other calixarene derivatives 
are concerned, there is only one report in the literature by Reinhoudt and 
coworkers131 in which for the synthesis of a disubstituted calix[ 4]spherand, namely; 
calix[4]spherand; 18-crown-6 was added for the preparation of the polyanion ofp-tert-
butylcalix[ 4]arene using NaH and tetrahydrofuran as the reaction medium. 
Again, extraction experiments carried out with these derivatives can only be 
regarded as qualitative. Few quantitative studies have been carried out attempting to 
establish the factors which contribute to the selective extraction of alkali-metal cations 
from the aqueous phase by calixarene esters in the organic phase. There are also 
controversial results on the stability of ethyl p-tert-butylcalix[ 4]arene tetraethanoate 
and alkali-metal cations (mainly sodium) in acetonitrile. Based on the above statements 
the aims of this aspect of research are as follows, 
i) To explore the use of phase transfer catalysts for the synthesis of ester derivatives of 
p-tert-butylcalix[n]arenes (n=4,6,8) 
ii) To determine the stability constant of sodium and ethyl p-tert-butylcalix[ 4]arene 
tetraethanoate in acetonitrile using a sodium selective electrode. 
iii) To derive from extraction data, the various parameters which contribute to the 
selective extraction of alkali-metal cations by a calixarene ester in the water-
benzonitrile solvent system. This solvent was chosen for the reasons above detailed. In 
addition, there is ancillary information available in this solvent which can be relevant to 
perform this study. 
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3. SYNTHESIS, CHARACTERIZATION AND PROPERTIES OF NEW 
LOWER RIM CALIX[NJARENE DERIVATIVES 
A fascinating development of growing interest in the field of calixarene 
chemistry is the synthesis of derivatives obtained by the substitution of the phenolic 
hydrogens in the lower rim of the parent compounds by suitable groups as discussed in 
the Introduction of this thesis. 
As far as lower rim calixarene amine derivatives are concerned, there have been 
few reports12,99,106,132 and these are referred to the introduction of aromatic amino 
functions through the ether linkage. In fact, Shinkai has explicitly stated that aromatic 
amines instead of aliphatic were selected in order to use them at neutral pH. However, 
interest in the removal of polluting ions from contaminated sources and in the 
extraction of precious metals from aqueous solutions prompted consideration on the 
introduction of aliphatic and alicyclic tertiary amines through the ether linkage of 
phenol derived calixarenes in order to enhance the basicity of the nitrogen relative to 
existing lower rim calixarenes in such a way that the protonated ligand could be used 
as an efficient extracting agent for anions. In its free form (neutral ligand), calixarene 
amino derivatives may be potential complexing agents for metal cations including 
environmentally polluting ions such as Hg2+, Pb2+ and Cd2+. Therefore, these 
investigations are concerned with, 
i) The synthesis and characterization ( 1 H and 13 C NMR) of a group of aliphatic, 
alicyclic and aromatic p-tert-butylcalix[4]arene amino derivatives 
ii) The interaction of these derivatives with the proton (1H NMR). 
iii) The acid-base dissociation equilibria of the full protonated amines in methanol at 
298.15 K. 
iv) Interactions of calixarene amino derivatives with anions (protonated form) and 
cations (neutral ligand). 
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EXPERIMENTAL PART 
2.1. p-tert-BUTYLCALIXJnJARENES (n=4,6,8) AND THEIR 
INTERACTIONS WITH AMINES 
i) Reagents 
Benzonitrile (Aldrich Chern. Co) was dried for a few days over calcium 
chloride (CaCl2). It was then distilled from small amounts of phosphorous pentoxide 
(P205) (2 g/dm3) under reduced pressure. Only the middle fraction of the distillate 
was collected and redistilled after refluxing it for several hours29,133-136. The water 
content of the solvent tested by Karl Fisher titration was found to be less than 0. 01%. 
Perchloric acid (HCl04), 70 %, redistilled 99.999 % grade (Aldrich Chern. 
Co.), and tetramethylammonium hydroxyde [(CH3)4NOH] (Fluka) (2.2 mol.dm-3) in 
methanolic solution were used in all potentiometric titration measurements. 
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p-tert-butylcalix[n]arenes (n=4,6,8) purchas'ed from Aldrich Chern. Co. were 
dried under vacuum over phosphorous pentoxide at 1 00 °C for at least 12 hours 
before use. 
Amines used were triethylamine, t-butylamine, 1-aminoadamantane, 
morpholine, R-(+)-a-methylbenzylamine (Aldrich Chern. Co.), atropine (Sigma), 
Kriptofix 222 and 22, both from Fluka. Triethylamine (TEA) and t-butylamine (t-BuA) 
were purified by distillation following the procedure reported by Perrin et at137 
2.1.1. Determination of the autoprotolysis constant (K!) of benzonitrile at 
298.15 K 
2.1.1.1. Preparation and standardization of solutions 
i) Preparation and standardization of tetramethylammonium hydroxide (TMAH) 
solution in benzonitrile. 
A volume of tetramethylammonium hydroxide (0.45 cm3) in methanolic 
solution was stripped from methanol under reduced pressure by using a rotaevaporator 
at room temperature. The resulting viscous residue was dissolved in freshly distilled 
benzonitrile. The mixture was homogenized with the help of a shaker or an ultrasonic 
bath. Filtration was sometimes required in order to attain a transparent solution. This 
solution used as the titrant in potentiometric titrations was standardized against 
benzoic acid (BDH) using bromocresol green as the indicator138. The end point of the 
titration was detected when the yellow colour of the initial mixture changed to blue. 
The volume consumed in each titration was noted. Blank experiments were carried out 
using equal volumes of methanol in the absence of standard benzoic acid following the 
experimental procedure describe above. The resulting solution was stored in a dark 
place. 
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The concentrations of tetramethylammonium hydroxyde solutions used in the 
determination of the autoprotolysis constant (Ks) of the solvent and the pKa values of 
p-tert-butylcalix[n]arenes (n=4,6,8) were (8 .96±0.02) Io-2 and (9.71±0.02) Io-3 
mol.dm-3; respectively. 
ii) Preparation and standardization of the perchloric acid solution in 
benzonitrile. 
This solution was prepared by diluting a certain amount of perchloric acid 
(0.1435 g) placed in a volumetric flask (100 cm3) with freshly distilled benzonitrile. 
The mixture was homogenized by shaking and the resulting solution was standardized 
against potassium hydrogen phthalate using thymol blue as the indicator, according to 
the following procedure: Accurately amounts (0.01000-0.02000 g) of potassium 
hydrogen phthalate (BDH), previously dried at 110 °C for two hours were dissolved in 
methanol (HPLC grade, 25 cm3) in titration flasks (100 cm3). Then, the indicator (a 
methanolic solution of thymol blue) was added, (5 drops). The mixture under stirring 
was titrated with the perchloric acid solution which was added until the colour 
developed by the indicator (yellow) changed to permanent red. The consumed volumes 
for each titration (five or six) were corrected from the data obtained from blank 
experiments carried out under the same experimental conditions reported above but in 
the absence the potassium hydrogen phthalate. The concentration of perchloric acid in 
benzonitrile used for the determinations of the Ks value of the solvent and the 
protonation constants of several amines was (9.41±0.01) 1o-3 mol.dm-3. 
2.1.1.2. Apparatus 
For the determination of the autoprotolysis constant of the solvent, the 
electrochemical cell used is illustrated as follows, 
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glass electrode I S II KCl (3.5 mol.dm-3) I AgCl I·Ag 
where i) S represents the sample solution, which for the purpose of the determination 
of £Oa was constituted by TEA (6.09x1o-4 mol.dm-3) and HCl04 (9.41x1o-3 
mol.dm-3) in benzonitrile, whereas for the determination of £Ob it was constituted by 
p-tert-butylcalix[8]arene (8.84x1o-4 mol.dm-3) and TMAH (8.96x1o-2 mol.dm-3) in 
benzonitrile. ii) [KCl (3 .5 mol.dm-3), AgCl,Ag] represents the reference electrode 
(silver-silver chloride electrode). iii) The double vertical line indicates a liquid junction 
between Sand the aqueous potassium chloride solution, and iv) The single vertical line 
represents the phase boundary between the glass electrode and S or between the 
constituents of the electrochemical cell in the different physical states. 
For the potentiometric titrations a Reagecon pH combination electrode 
purchased from BDH was used. This was constituted by a glass electrode (indicator 
electrode) and a silver-silver chloride electrode (reference electrode) which was 
provided with an un-fused small sintered-glass diaphragm. 
The experimental arrangement used for the potentiometric titrations consisted 
of a) a thermostated vessel containing the titrate solution in which the combination 
electrode was dipped. This was equipped with a magnetic stirrer. b) an automatic 
Radiometer type ABU12 burette (piston burette). c) a digital micro processor pH/mY-
meter HANNA model Ill8417 (accurate to ±0.1 mV). d) an electrode potential 
amplifier (Metter DK10) which converts an input electrode potential of high resistence 
sensor (up to 1010 ohms) into the identical potential at low out impedance, with 
output signals such as the electrode potential and its first derivative and e) a computer 
interfaced control-data acquisition system. 
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2.1.1.3. Procedure used for the determination of the autoprotolysis constant Ｈｋｾｬ＠
of benzonitrile at 298.15 K 
The determination of the Ks of the solvent required the simultaneous 
experimental determination of E0 a and E0 b (specific constants of the cell for the acidic 
<11 
and alkaline ranges) and the calibration of the electrochemical cell. 
The potentiometric titration of triethylamine in benzonitrile (22 cm3, 6.09xio-4 
mol.dm-3) with perchloric acid (9.41xlo-3 mol.dm-3) yielded experimental data for 
the calculation of £0 a, and the potentiometric titration of p-tert-butylcalix[8]arene in 
benzonitrile (20 cm3, 8.84xio-4 mol.dm-3) with tetramethylammonium hydroxyde 
(8 .96xlo-2 mol.dm-3) yielded experimental data for the calculation of £Ob· 
A typical potentiometric titration was performed as follows: Both, the solution 
in the titration vessel and the titrant solution were kept at 25±0.2 oc. The combined 
glass electrode previously soaked in benzonitrile was submerged in the titrate and after 
a stabilization period of about 3 0 minutes, the titrant solution was added stepwise 
(0.0642 cm3) from the automatic burette or continuosly (0.1203 cm3 .min-I). The 
titration was continued beyond the end point in order to yield data for the calibration 
of the electrochemical cell. In the former case, potential changes were recorded when 
stable readings were obtained. In this titration mode, 3 5-40 stepwise additions were 
performed. The latter was performed in 1200-1320 s periods, at which 2.406-2.646 
cm3 of the titrant solution were delivered. In this case, the potention1etric data were 
collected every five seconds as a time-voltage plot and a matrix of time-voltage pairs. 
An average of240-264 points were recorded by this titration mode. 
The titrant volume at the end point of the titration was estimated by means of 
the non-linear interpolation method suggested by Wolf-Fortuin139. Thus, the 
differences between the equilibrium potentials from potentiometric data, were 
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calculated on the recorded data or data print out and designated in decreasing order as 
follows: 
A0 = greatest difference 
A 1 = second greatest difference 
A2 =third greatest difference 
The volume between A0 and A 1 was designated V c and the increment size as A V. The 
volume V 0 which corresponds to the end point of the titration was calculated in the 
following manner: 
V 0 = V c + cr(A V), if A 1 occurs before A0 ; and 
V 0 = V c- cr(AV), if A0 occurs before A 1, 
cr = O.S(R2)- 0.2(R1)2, where R1 = A1/A2 and R2 = A2/A1 
2.1.2. Determination of pKa values of p-tert-butylcalix[n]arenes (n=4,6,8) in 
benzonitrile at 298.15 I{ 
The electrochemical cell and the procedure used was the same as described 
above (see sections 2.1.1.2 and 2.1.1.3). A standard solution of tetramethylammonium 
hydroxide in benzonitrile was used as the titrant solution. 
p-tert-Butylcalix[8]arene (20 cm3, 8.84xio-4 mol.dm-3) was titrated with 
TMAH (8.96xlo-2 mol.dm-3). The calixarene (4H+) was neutralized with TMAH 
(0.789 cm3). 
p-tert-Butylcalix[6]arene (30 cm3, 1. 74xl o-4 mol.dm-3) was titrated with 
TMAH (9.7lx1o-3 mol.dm-3). The calixarene (2W) was neutralized with TAMH 
(1.075 cm3). 
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p-tert-Butylcalix[4]arene (30.1 cm3, 1.76xto-4 mol.dm-3) was titrated with 
TMAH (9.7lxio-3 mol.dm-3). The calixarene (H+) was neutralized with TAMH 
(0.545 cm3). 
End point volumes were estimated according to the procedure suggested by 
Wolf-Fortuin139_ 
2.1.3. Determination of protonation constants (f(AH) of several amines in 
benzonitrile at 298.15 I( 
The electrochemical cell and the procedure used for the determination of 
protonation constants of amines were described before (see sections 2.1.1.2 and 
2.1.1.3). A standard solution of perchloric acid in benzonitrile (9.4lxio-3 mol.dm-3) 
was used as the titrant solution. 
Titration experiments were performed as follows; 
TEA (22 cm3, 6.2llxi0-4 mol.dm-3) in benzonitrile was neutralized with 
perchloric acid (1.452 cm3). 
t-BuA (22 cm3, 6.954xio-4 mol.dm-3) in benzonitrile was neutralized with 
perchloric acid (1 .625 cm3). 
Atropine (22 cm3, 2.366xlo-4 mol.dm-3) in benzonitrile was neutralized with 
perchloric acid (0.553 cm3). 
1-Aminoadamantane (26 cm3, 2.403xio-3 mol.dm-3) in benzonitrile was 
neutralized with perchloric acid (0.664 cm3). 
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Morpho line (22 cm3, 7.279xl o-4 mol.dm-3) in benzonitrile was neutralized 
with perchloric acid (1.702 cm3). 
R-(+)-a.-Methylbenzylamine (22 cm3, 2.918 mol.dm-3) m benzonitrile was 
neutralized with perchloric acid (0.682 cm3). 
2.1.4. The extraction of tert-butylamine by p-tert-butylcalix[S]arene in the 
water-benzonitrile solvent system at 298.15 I( 
Experimentally two processes were carried out, in the absence (partition) and 
m the presence (extraction) of calixarene. In both processes, the free amine 
concentration in the organic phase was monitored by potentiometric titration, using a 
standard solution of perchloric acid (9.34xl o-3 mol.dm-3) in benzonitrile as the titrant 
solution. A combined glass electrode was used for these purposes. The standardization 
of the titrant solution and the calibration of the electrode were described before (see 
sections 2.1.1.1 and 2.1.1.3). 
i) Procedure 
Equal volumes (500 cm3) of benzonitrile and deionized water were shaken 
together in a large separating funnel in order to achieve mutual saturation of the 
solvents and avoid volume changes during the extraction process. After careful 
separation of phases, the saturated solvents were used for the preparation of the 
required solutions. 
An aqueous stock solution of tert-butylamine (1.56xi0-3 mol.dm-3) was prepared. 
The stock solution of p-tert-butylcalix[8]arene (2.52xio-3 mol.dm-3) in the organic 
phase was prepared by dissolving the corresponding amount of the ligand in 
benzonitrile saturated with water. 
56 
Experimental Part 
Partition experiments were performed as follows; aqueous solutions (10 cm3) 
containing different concentrations of amine (1.56x1o-4 - 1.56x1o-3 mol.dm-3 
concentration range) were shaken (20 minutes) with equal volumes of benzonitrile 
(saturated with water) using a vibromixer. The mixtures were thermostated in an 
isothermal water bath at 25. 0±0. 1 oc for a period of 24 hours until equilibrium was 
reached. In order to achieve phase separation, the mixtures were centrifuged at 25 oc. 
An aliquot of the organic phase (5-8 cm3) was transferred to the titration vessel and 
diluted to 20 cm3 with benzonitrile. The amount of the amine in the organic phase was 
determined by potentiometric titration using a Reagecon pH combination electrode 
and a solution ofperchloric acid in benzonitrile (9.36xlo-3 mol.dm-3) as the titrant. A 
titration derivative curve was used to calculate the end point. 
The extraction process was performed according to the procedure used in the 
partition experiments. In this case, aliquots of the aqueous solution (1 0 cm3) 
containing equal concentration of the amine (1.56xlo-3 mol.dm-3) were shaken (20 
minutes) with equal volumes of the organic phase containing different concentration of 
ligand (2.52xlo-4 - 2.52xlo-3 mol.dm-3 concentration range) using a vibromixer. 
After isothermal equilibration and phase separation, an aliquot of the organic phase (5-
8 cm3) was analyzed for its amine content by potentiometric titration using a Reagecon 
pH combination electrode and a solution ofperchloric acid in benzonitrile (9.357xlo-3 
mol.dm-3) as the titrant. A titration derivative curve was also used to calculate the end 
point. 
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2.2. SYNTHESIS OF ETHYL p-tert-BUTYLCALIXJnlARENE (n=4,6,8) 
ETHANOATES. INTERACTION WITH METAL CATIONS IN 
ACETONITRILE AND BENZONITRILE AT 298.15 I( 
Phase transfer catalysts were used for the first time for the synthesis of ethyl 
esteres of p-tert-butylcalix[ n]arenes. The procedures used are described as follows, 
2.2.1. Preparation of 5,11,17,23-tetra-tert-butyl-25,26,27,28-
tetra(ethoxycarbonyl)methoxycalix[4]arene [L-11 or ethyl p-tert-
butylcalix[ 4]arene tetraethanoate (TEE) 
CH2 
0 4 ｾ ｃｈ＠
I 2 
c Ｐｾ＠ ｾ ｏｃｈｃｈ＠ 2 3 
Into a dry 250 cm3 three-necks-round-bottomed flask equipped with a 
magnetic stirrer and a condenser, p-tert-butylcalix[4]arene (1.625 g, 2.5 mmol), 18-
crown-6 (0.100 g, 0.4 mmol), and powdered anhydrous potassium carbonate (1.659 g, 
12 mmol), were suspended in acetonitrile (50 cm3). Under vigorous stirring, bromo 
ethylacetate (1.4 cm3, 12 mmol) was added to the mixture from a glass syringe through 
a seal septa suba. 
The mixture was heated at 70 oc for two hours under vigorous stirring. The 
course of reaction was monitored by TLC (thin layer chromatography) usmg a 
hexane:ethyl acetate (8:2) mixture as the developing solvent system. 
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After cooling, the solvent was removed under reduced pressure and a white 
solid was afforded. The solid was mixed with dichloromethane in order to dissolve the 
organic material. Then, the mixture was filtered, the solvent was removed and the 
residue dissolved in ethanol. The mixture was left overnight standing at 4 oc and the 
crystals (needles) furnished were dried under vacuum at 80 oc over calcium chloride 
and paraffin wax. 
The product obtained in 88.5 %yield (2.20 g) was characterized by elemental 
analysis and 1 H NMR spectroscopy. 
1H NMR (CDCl3): Dppm 6.77(s, 2H, Hm), 4.85(d, J 12.9, 1H, Hax), 4.80 (s, 
2H, OCH2), 4.20(q, 2H, CH2CH3), 3.19(d, J 12.9, 1H, Heq), 1.28(t, 3H, CH2CH3), 
1.07[s, 9H, C(CH3)3] 
2.2.2. Preparation ·of 5,11,17,23,29,35-hexa-tert-butyl-37,38,39,40,41,42-
hex a( ethoxycarbonyl)methoxycalix [ 6] a rene 
butylcalix[6]arene hexaethanoate (HEE) 
CH2 
0 ｾ ｃｈ＠ 6 
I 2 
[L-21 
c Ｐｾ＠ ｾ ｏｃｈｃｈ＠ 2 3 
or ethyl p-tert-
Into a dry 250 cm3 three-necks-round-bottomed flask equipped with magnetic 
stirrer and condenser, p-tert-butylcalix[6]arene (1.625 g, 1.67 mmol), 18-crown-6 
(0.100 g, 0.4 mmol) and powdered anhydrous potassium carbonate (1.659 g, 0.4 
mmol), were suspended in acetonitrile (50 cm3). Under vigorous stirring, bromoethyl 
acetate ( 1. 4 cm3) was added from a glass syringe through a seal septa sub a. 
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The mixture was heated at 70 oc for two· hours with vigorous stirring. The 
course of the reaction was monitored by TLC using a hexane-ethyl acetate (8:2) 
mixture as the developing solvent system. 
After cooling, the organic phase was removed under reduced presure and a fine 
solid was obtained. The solid was mixed with dichloromethane and most of the organic 
material was dissolved. It was then separated from the residual solid by filtration. The 
organic solvent was removed under reduced pressure and the residue washed with cool 
ethanol (3x75 cm3) resulted to be the product. It was dried under reduced pressure at 
100 oc over calcium chloride and paraffin wax. 
The product afforded in 90 % yield (2.24 g) was characterized by elemental 
analysis and 1 H NMR spectroscopy. 
1H NMR (CDCl3): 8ppm 6.96(br s, 2H, Hm), 4.53(s, 2H, OCH2), 4.18(d, 2H, 
CH2CH3), 4.11(br s, 2H, ArCH2Ar), 1.24(t, 3H,CH2CHJ), 0.96[s, 9H,C(CHJ)3] 
2.2.3. Preparation of 5,11,17,23,29,35,41,47-octa-tert-butyl-
49 ,50,5 1 ,52,53,54,55,56-octa( ethoxycarbonyl)methoxycalix [8) a rene [L-3] or 
ethyl p-tert-butylcalix[S]arene octaethanoate (OEE) 
c 2 
0 8 ｾｃｈ＠
I 2 
c Ｐｾ＠ ｾｏｃｈｃｈ＠ 2 3 
Into a dry 250 cm3 three-necks-round-bottomed flask equipped with magnetic 
stirrer and condenser, p-tert-butylcalix[8]arene (1.625 g, 1.25 mmol), 18-crown-6 
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(0.100 g, 0.4 mmol), and powdered anhydrous potassium carbonate (1.659 g, 12 
mmol), were suspended in acetonitrile (50 cm3). Under vigorous stirring, bromoethyl 
acetate (1.4 cm3, 12 mmol) was added from a glass syringe through a seal septa suba. 
The mixture was heated at 85 °C for two hours under vigorous stirring. The 
course of the reaction was monitored using a hexane-ethyl acetate (8:2) mixture as the 
developing solvent system. 
After cooling, the reaction solvent was removed under reduced pressure and a 
white solid was obtained. The solid was mixed with dichloromethane in order to 
dissolve the organic material. The resulting suspension was filtered and the solid was 
thorougly washed with an excess of dichloromethane. The organic solvent was 
removed under reduced pressure and the afforded solid was redissolved in a mixture of 
ethanol-dichloromethane mixture by heating. After overnight standing at 4 °C, crystals 
were obtained. They were dried under vacuum at 100 °C over calcium chloride and 
paraffin wax. 
The product obtained in 91.5 %yield (2.26 g) was characterized by elemental 
analysis and 1 H Nl\1R spectroscopy. 
lH Nl\1R (CDCl3): 8ppm 6.93(s, 2H, Hm), 4.14(s, 2H, OCH2), 4.06(s, 2H, 
ArCH2Ar), 4.03(q, 2H, CH2CH3), 1.09[s, 9H, C(CH3)3], 1.02(t, 3H, CH2CH3) 
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2.2.4. Preparation of 5,11,17,23-tetra-tert-butyl-25,26,27,28-
tetra(methoxycarbonyl)methoxycalix[4]arene [L-41 or methyl p-tert-
butylcalix[4]arene tetraethanoate (TME) 
c 2 
Ｐ ｾ＠ 4 
CH2 
I 
c Ｐ ｾ＠ ｾ ｏｃｈ＠ 3 
[L-1] (1.002 g, 1.006 mmol) was dissolved in hot methanol (100 cm3). The 
solution was allowed to cool at 35 oc and N,N-dimethyl ethylenediamine (0.6 cm3, 
8.22 mmol) was added at once from a glass syringe under continuous stirring. Then, 
the mixture was slowly heated and then refluxed for a 12 hours period. During the 
refluxing period a white suspension started to be formed. The resulting solid was 
isolated by filtration and washed with cool methanol. 
After drying the solid in vacuo over calcium chloride and paraffin wax at 80 oc 
this was characterized by elemental analysis and 1 Hand 13c NMR spectroscopy. The 
product was afforded in 77.9% yield {0.735 g). 
lH NMR (CDCl3): oppm 6.78(s, 2H, Hm), 4.83(d, J 12.0, lH, Hax), 4.81(s, 
2H, OCH2), 3.76(s, 3H, CHJ), 3.19(d, J 12.6, lH, Heq), 1.07[s, 9H,C(CH3)3]. 13c 
NMR (CDCl3): oppm 170.97(C=O), 152.9l{Ci), 146.25(Cp), 133.38(Co), 
125.37(Cm), 71.1l(OCH2), 51.32(CH3), 33.90[C(CH3)3], 31.74 ArCH2Ar, 
31.33[C(CH3)3]. 
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2.2.5. Potentiometric determination of the stability constant (Ks) of ethyl p-
tert-butylcalix[4Jarene tetraethanoate [L-11 and sodium perchlorate 
[NaC101] in acetonitrile [AN] at 298.15 K 
i) Reagents and solutions 
[L-1] was recrystallized from ethanol, characterized by NMR spectroscopy and 
elemental analysis, and dried under vacuum over calcium chloride-paraffin wax at 
80 oc, before use. 
Sodium perchlorate (Aldrich) was dried overnight under vacuum over 
phosphorous pentoxide at room temperature before use. 
Tetraethylammonium perchlorate [(C2H5)4NCI04] [TEAP] purchased from 
Fluka was recrystallized from methanol, washed with ether and dried under vacuum 
over calcium chloride. 
Silver perchlorate [ AgC104], (BDH) was used without further purification. 
Acetonitrile, HPLC grade (Fissons) was dried by refluxing with calcium 
hydride [CaH2] under a nitrogen atmosphere. The solvent was distilled. Only the 
middle fraction of the distillate was used133,140. The water content tested by l(arl-
Fisher titration, resulted to be less than 0.02 %. 
The tetramethylammonium perchlorate solution in acetonitrile (0.05 mol.dm-3) 
was prepared by dissolving [TEAP] (2.1713 g) in 250 cm3 of freshly distilled 
acetonitrile. 
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The sodium perchlorate titrant solution (2.46xio-2 mol.dm-3) was prepared by 
dissolving the salt (0.1504 g) in a [TEAP] solution (50 cm3, 0.05 mol.dm-3) in 
acetonitrile. 
L-1 (9.400x1o-4 mol.dm-3) was prepared by dissolving the corresponding 
compound (0.09436 g) in a solution of [TEAP] (100 cm3, 0.05 mol.dm-3) in 
acetonitrile. 
For the preparation of the silver perchlorate (0.01 mol.dm-3) solution, the salt 
was dissolved in a solution of [TEAP] (25 cm3, 0.05 mol.dm-3) in acetonitrile. The 
resulting solution was stored in a dark·place to avoid exposure to light. 
ii) Apparatus 
The electrochemical cell used for the determination of the stability constant of 
the calixarene ester [L-1] and sodium in acetonitrile at 298.15 K is illustrated as 
follows: 
sodium ion selective electrode IS II TEAP (AN) II reference electrode 
where i) the sodium ion selective electrode represents the indicator electrode, ii) S is 
the notation used to indicate the sample solution in acetonitrile. constituted by NaCl04 
(different molar concentrations) and TEAP (5x1o-2 mol.dm-3), iii) TEAP (AN) 
represents the double junction solution (5x1o-2 mol.dm-3) between the S and the 
reference electrode, and iv) the silver-silver perchlorate electrode is the reference 
electrode which was prepared using a double junction electrode body as follows; The 
silver wire was fitted in the internal compartment which was filled with 
tetraethylammonium perchlorate solution (0.05 mol.dm-3) in acetonitrile containing 
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silver perchlorate (0.01 mol.dm-3), whereas the external compartment was filled with 
tetraethylammonium perchlorate solution (0.05 mol.dm-3) in acetonitrile. 
The potentiometric titration was performed using the experimental arrangement 
outlined before (see section 2.1.1.2). 
iii) Procedure 
Both, the solution in the titration vessel and the titrant solution were kept at 
25.0±0.2 oc by using an isothermal water bath. Sodium perchlorate (2.46xio-3 
mol.dm-3) in acetonitrile was used to titrate the solution containing the calixarene ester 
derivative [L-1] (9.40xlo-4 mol.dm-3) dissolved in TEAP (35 cm3, 0.05 mol.dm-3). 
Stepwise additions (12 s/steps, burette delivery rate 8.02xlo-3 cm3 .s-1) were carried 
out. The sequence of the potential readout and the addition of the titrant solution into 
the sample were performed in such a way as to provide enough time for equilibrium to 
be achieved. In each experiment, the titration was continued beyond the end point in 
order to derive enough data for the calibration of the electrochemical cell. 
For the determination of the titrant volume at the end point of the titration, the 
non-linear interpolation method suggested by Wolf-Fortuin139 was used. 
Using the recording experimental data, the titrant volume at the end point of 
the titration (1.33 cm3) and the concentration of calixarene ester [L-1] (9.33xlo-4 
mol.dm-3) were calculated. 
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2.2.6. Extraction of alkali metal picrates from water to benzonitrile by 
using ethyl p-tert-butylcalix[4Jarene tetraethanoate [L-11 at 298.15 I( 
i) Reagents 
A mixture of benzonitrile (500 cm3) from Aldrich and deionised water (500 
cm3) were shaken in order to achieve mutual saturation of the solvents. Organic and 
aqueous phases were separated and then used for the preparation of the required 
solutions. 
Picric acid (Aldrich) analytical grade, recrystallised from deionised water141 
and dried in vacuo over phosphorous pentoxide at room temperature was used. An 
aqueous stock solution (2.01x1o-2 mol.dm-3) was prepared by dissolving the acid 
(0.475 g) in deionised water (100 cm3) saturated with benzonitrile. The acid was 
standardized with sodium hydroxide using phenolphalein142 as the visual indicator. 
Alkali-metal picrate salts in aqueous solutions were prepared in situ by 
dissolving an excess of the metal ion (hydroxide or carbonate) in a solution of picric 
acid in water (saturated with benzonitrile). Thus, solutions of metal-ion picrates, 
M+pi-, (M+=Li+, Na+, I<+, Rb+, cs+) (1.003x1o-3 mol.dm-3) were prepared. LiOH 
(2.095 g), K2C03 (0.348 g), Rb2C03 (0.578 g), all from BDH; and Cs2C03 
(0.405 g) from Aldrich, were used. 
For the preparation of the solution of tetraethyl-p-tert-butylcalix[ 4]arene 
tetraethanoate [L-1] (1.667x1o-3 mol.dm-3) in benzonitrile (saturated with water) the 
compound (0.331 g) was dissolved in the solvent (200 cm3). 
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ii) Procedure 
Partition and extraction experiments were carried out. For the former, equal 
volumes (5 cm3) of the aqueous phase containing different concentrations of the metal-
ion picrate ( mol.dm-3) were mixed with benzonitrile. Mixtures shaken (using a 
vibromixer) in stoppered glass bottles (30 minutes) were left overnight in an isothermal 
water bath at 25.00±0.02 oc. 
Phase separation was achieved by centrifugation (20 minutes) at 25 oc. The 
upper layer (organic phase) was carefully removed and aliquots taken and analyzed. 
For the quantitative determination of picrates, UV spectrophotometric measurements 
were carried out. 
The same procedure was used for extraction experiments except that the 
organic phase contained the calixarene ester in different concentrations ( mol.dm-3) of 
the calixarene ester. 
iii) Quantitative determination of picrates by UV-spectrophotometry 
Absorption spectra were measured on a Pye-Unicam PU8720 UV/Vis scanning 
spectrophotometer using 1.00 em cells (Pye-Unicam) provided with silica windows. 
The system was thermostated at 25 °C by the circulating water from an isothermal 
bath. Spectra were recorded using an acetonitrile:benzonitrile (9: 1) solvent mixture as 
the reference medium. 
Calibration curves for each metal-ion picrate salt were performed using 
solutions containing different concentrations of picrates (the range of concentration 
was from 1.97xlo-5 to 9.12xlo-5 mol.dm-3). 
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Spectrophotometric measurements recorded at the wavelength of maximum 
absorption were plotted as concentration-absorbance pairs. The resulting linear 
correlation obtained in the concentration range used corroborated the validity of the 
Beer-Lambert's lawl43. 
These calibration curves were used to determine the equilibrium concentrations 
of pi crates in the organic phase. 
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2.3. INTRODUCTION OF FUNCTIONAL GROUPS AT THE para 
POSITION OF CALIX[4JARENE 
2.3.1. Introduction of thiourea groups via chloromethylation 
2.3.1.1. Preparation of 25,26,27,28-tetrahydroxycalix[4]arene via de-tert-
butylation [L-51 
© 
/ 1 "'cH, 
OH 
4 
A 250 cm3 three-necks-round-bottomed flask equipped with a condenser, an 
in-out let bubbly nitrogen gas tube and a magnetic stirrer, was charged with p-tert-
butyl calix[4]arene (10.040 g, 14.698 mmol) and phenol (7.100 g, 75.066 mmol). 
Toluene (150 cm3) (dried with sodium wire and freshly distilled) was gently added to 
the flask under an atmosphere of nitrogen. Aluminium chloride [A1Cl3] (10.920 g, 
81.887 mmol) added to the suspension led to a yellow colouring which turned very 
quickly to a brown colour. 
After a 30-40 minutes period, a yellowish-white slurry was formed. The 
reaction mixture stirred with difficulty for an additional period of one hour was 
monitored by TLC using an hexane:ethyl acetate (8:2) mixture as the developing 
solvent system. 
The content was poured into hydrochloride acid (250 cm3, 0.1 mol.dm-3) to 
dissolve the precipitate. Then, the organic phase was separated and washed with water. 
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After evaporation of the solvent under reduced pressure, the product was 
isolated from methanol. The solid was washed with methanol and dried with CaCl2 and 
then P205 under vacuum at 85 °C over a 12 hours period. 
The product (5.603 g, 13.2 mmol) was characterized by elemental analysis and 
1HNMR. 
1H NMR (CDCI3) :8rrm 10.18(s, 1H, OH), 7.15(d, 2H, Hm), 6.72(t, 1H, Hp), 
4.25(br s, IH, Hax), 3.53(br s, 1H, Heq) 
2.3.1.2. Preparation of 5,11, 17,23-tetrachloro methyl-25,26,2 7,28-
tetrahydroxycalix[4)arene [L-61 
A 250 cm3 three-necks-round-bottomed flask, equipped with a dropping funnel 
and a magnetic stirrer, was charged with 25,26,27,28-tetrahydroxycalix[4]arene [L-5] 
(1.014 g, 2.389 mmol) and chloroform (100 cm3). The mixture was cooled in an ice-
bath and stirred, while ice-chilled chloromethyl methyl ether (5 cm3, 65 .853 mmol) 
was added from a glass syringe. Then, a solution of anhydrous tin(IV) chloride [SnCl4] 
(5.3 cm3, 45 .289 mmol) in chloroform (20 cm3) was added dropwise to the cool 
mixture over a 20 minutes period. 
The temperature was then allowed to rise to room temperature and the mixture 
was stirred for 10 hours, afterwhich a reddish solution was formed . By the slow 
addition of ice and water, a yellow orange mixture was afforded. 
70 
Experimental Part 
The two phases were then separated. The organic phase was washed with 
distilled water, dried with sodium sulphate [Na2S04] and evaporated under reduced 
pressure. The residue was treated with n-hexane and filtered. The crude product was 
dried under vacuum with CaCl2 at room temperature over a 12 hours period. 
The afforded product (0.966 g, 1.56 mmol) was characterized by elemental 
analysis and lH NMR spectroscopy. 
1H NMR (CDCI3): 8ppm 10.1l(s, 1H, OH), 7.08(s, 2H, Hm), 4.41(s,2H, 
CH2Cl), 4.24(br m, 1H, Hax), 3.55(br s, 1H, Heq). 
2.3.1.3. Preparation of 5, 11,17 ,23-tetra( thiouronium chloride )methyl-25,26,2 7,28-
tetrahydroxycalix[ 4larene [L-71 
A 100 cm3 round-bottomed flask equipped with a condenser and a magnetic 
stirrer, was charged with warm deionized water (20 cm3) and thiourea [H2NCSNH2] 
(0.266 g, 3.500 mmol). The mixture was stirred and heated in a water bath at 40 °C. 
5,11, 17,23-Tetrachloromethyl-25,26,27,28-tetrahydroxycalix[4]arene [L-6] (0.533 g, 
0.862 mmol) was added at once. The reaction started inmediately with considerable 
frothing. A reddish purple colour was developed which turned to purple during the 
course of the reaction. The mixture was gently stirred over an one hour period, 
afterwhich it was removed from the water bath and poured into a hydrochloric acid 
solution (0.1 mol.dm-3). The solid was isolated and dried in a vacuum desiccator. 
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The afforded product (0.541 g, 0.586 mmel) was characterized by elemental 
analysis and 1 H Nl\1R spectroscopy. 
1H Nl\1R (D20): Dppm 7.23(s, 2H, Hm), 4.21(s, 2H, ArCH2S), 3.94(s, 2H, 
ArCH2Ar) 
2.3.2. Introduction of guanidine groups via chlorosulphonylation 
2.3.2.1. Preparation of 5,11,17 ,23-tetrachlorosulphonyl-25,26,27 ,28-
tetrahydroxycalix[4Jarene [L-81 
Cl 
I 
ｴ｣ｾ＠
OH 4 
25,26,27,28-Tetrahydroxycalix[4]arene [L-5] (1.059 g, 2.356 mmol) was 
placed in a test tube and dissolved in chloroform (5 cm3) which was previously treated 
with grade I activated alumina. 
The mixture was cooled in an ice-water bath at 5 oc. Chlorosulphonic acid 
[ClS03H] (3.25 cm3, 48.895 mmol) was added from a glass syringe at once. The 
mixture which turned into a brown reddish colour was periodically shaken by using a 
vibromixer. 
Evolution of hydrogen chloride occurred at this stage and consequently, 
considerable frothing was developed. After a period of 30 minutes, the mixture was 
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warmed for an additional period of one hour in· order to ensure that all starting 
materials had reacted. 
The content was cooled and poured slowly and carefully into a mixture of 
crushed ice (25 g) and water (5 cm3). A white precipitate was formed and isolated by 
gentle vacuum filtration. 
The solid product (1.594 g, 1.948 mmol) was dried and used inmediately for 
the preparation of the guanidine derivative. 
2.3.2.2. Preparation of 5,11,17,23-tetra(S-guanidinyl chloride)sulphonyl-
25,26,2 7 ,28-tetrahydroxycalix[ 41 arene [L-91 
+ -
NH2 ｾｎｈ Ｒ＠ Cl ｾ｣ｾ＠
I 
NH 
I 
ｾｃｈ Ｒ＠
OH 4 
Guanidine hydrochloride [H2NC(=NH)NH2.HCl] (6.617 g, 69.27 mmol) was 
dissolved in a 250 cm3 round-bottomed flask (equipped with a condenser and magnetic 
stirrer) with sodium carbonate [Na2C03] solution (0.455 mol.dm-3) in water. 
The mixture was stirred and 5, 11, 17,23-tetrachlorosulphonyl-25,26,27,28-
tetrahydroxycalix[4]arene (1.594 g, 1.948 mmol) was added in portions. The mixture 
heated in a water bath at 70 oc over a three hours period turned into an homogeneous 
solution with some material in suspension which was removed after cooling and 
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filtration. The clear solution was acidified carefully· with hydrochloric acid solution ( 5 
mol.dm-3) to pH=3 under vigorous stirring. 
After cooling, the product (1.250g, 1.185 mmol) was isolated by filtration. It 
was dried under vacuum over P205 and characterized by elemental analysis, IR and 
lH and 13c NMR spectroscopy. 
lH NMR (D20): 5rvm 7.84(s, 2H, Hm), 4.24(s, 2H, ArCH2Ar). 13c Nl\1R 
(D20): 5 157.5(Ci), 151.6(Cp), 135.6(Co), 128.4[HNC(=NH2)NH2], 126.4(Cm), 
30.5(ArCH2Ar) 
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2.4. INTRODUCTION OF FUNCTIONAL GROUPS AT THE LOWER 
RIM OF p-tert-BUTYLCALIX[4JARENE 
2.4.1. Introduction of N,N-dimethylcarbamyl groups by acylation of p-tert-
butylcalix[ 4]arene using catalysts 
2.4.1.1. Preparation of 5,11,17 ,23-tetra-tert-butvl-25,27-bis(N,N-dimethyl 
carbamylloxy-26,28-dihydroxycalix[4]arene [L-101 by using 18-crown-6 phase 
transfer catalysis 
CH2 CH2 
OH 0 2 
O===C/ 
I Ｏｎｾ＠
H3C CH3 
p-tert-butylcalix[4]arene (1.664 g, 2.564 mmol), 18-crown-6 (0.105 g, 0.4 
mmol) and potassium carbonate (finely pulverized) (1. 785 g, 12.912 mmol) were 
suspended in acetonitrile (75 cm3) in a 250 cm3 round-bottomed flask equipped with a 
condenser and a magnetic stirrer. 
The mixture was homogenized with vigorous stirring at room temperature and 
N,N-dimethyl carbamyl chloride [(CH3)2NCOCl] (2.8 cm3, 30.411 mmol) was added 
slowly and carefully by using a glass syringe through a suba seal septa at room 
temperature. After one hour of vigorous stirring the mixture was heated (70 °C) for a 
two hours period. 
After cooling, the organic materials taken in dichloromethane were stripped of 
organic solvents under reduced pressure and treated with hot ethanol (100 cm3). The 
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product isolated from the ethanolic solution was ctystallized in ethanol. The afforded 
compound (colourless crystals) (1.683 g, 2.023 mmol) was characterized by elemental 
analysis and 1H, 13c NMR and mass spectroscopy. 
lH NMR (CDCI3): 8ppm 7.09(s, 4H, Hm), 6.79(s, 4H, Hm), 5.11(s, 2H, OR), 
3.92(d, J 14.0, 4H, Hax), 3.44(d, J 14.1, 4H, Heq), 3.06(s, 12H, CH3), 1.33[s, 18H, 
C(CH3)3], 0.94[s, 18H, C(CH3)3]. 13c NMR (CDCI3): Bppm 154.35(C=O), 
150.35(Ci), 148.23(Ci), 143.25(Cp), 142.33(Cp), 131.82(Co), 127.86(Co), 
125.82(Cm), 125.36(Cm), 37.05[N(CHJ)2], 36.19[N(CHJ)2], 33.92[C(CH3)3], 
32.98(ArCH2Ar), 31.69[C(CHJ)3], 30.94[C(CHJ)3] 
2.4.1.2. Preparation of 5,11,17,23-tetra-tert-butyl-25,27-bis(N,N-dimethyl 
carbamyl)oxy-26,28-dihydroxycalix[4Jarene [L-101 by acylation with 4-
dimethylaminopyridine 
2 
p-tert-butylcalix[ 4]arene (1.640 g, 2.527 mmol), 4-dimethylaminopyridine 
[DMAP] (0.063 g, 0.515 mmol) and triethylamine [(C2H5)3N] (4 cm3, 29 mmol) 
were mixed and stirred in dichloromethane (70 cm3) at room temperature in a 250 cm3 
three-necks-round-bottomed flask. 
N,N-dimethylcarbamyl chloride ( 1. 84 cm3, 19.984 mmol) was added slowly 
and carefully under gentle stirring. After 3 0 minutes of additional stirring period, the 
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reaction mixture was heated at 45 °C over 40 minutes and monitored by TLC using an 
hexane: ethyl acetate (8:2) mixture as the developing solvent system. 
After cooling, a small amount of methanol was added. The mixture in solution 
was stripped of volatile materials under reduced pressure and then, the crude product 
was extracted in dichloromethane, washed with hydrochloric acid solution (0. 1 
mol.dm-3) and saturated sodium hydrogen carbonate [NaHC03] aqueous solution. 
The orgamc layer was dried over magnesmm sulphate [MgS04] and 
evaporated in vacuo. The afforded residue was then dissolved in hot ethanol and after 
cooling at room temperature, the product was obtained as colourless crystals (1.290 g, 
1.541 mmol) which were characterized by elemental analysis and lH and 13c NMR 
spectroscopy. 
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2.4.2. Introduction of N-acetylglycine groups by direct esterification of p-
tert-butylcalix[4Jarene using 1,3-dicyclohexylcarbodiimide as catalyst 
2.4.2.1. Preparation of 5,11,17 ,23-tetra-tert-butyl-25,27-di(N-
acetylaminomethylcarbonyl)oxy-26,28-dihydroxycalix[ 4larene [L-111 
2 
N-Acetylglycine [CH3CONHCH2C02H] (dried over P205 in vacuo before 
use) (0.586 g, 5.00 mmol) was dissolved in N,N-dimethylformamide (DMF, 40 cm3) in 
a 250 cm3 round-bottomed flask,p-tert-butylcalix[4]arene (0.815 g, 1.256 mmol) and 
DMF (40 cm3) were added and then, the suspension was cooled in an ice-water bath at 
0°C. 
1,3-Dicyclohexylcarbodiimide [DCC] (1.032 g, 5.00 mmol) was added and 
then, the mixture was stirred for one hour, afterwhich the reaction was kept at -15 oc 
in a fridge for a 16 hours period. 
After overcooling, the mixture was restirred (1 hour) and then, a yellowish-
green clear solution was separated of a white solid (N,N-dicyclohexylurea) using 
tetrahydrofuran [THF]. From the clear solution, the volatile materials were evaporated 
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under reduced pressure and the residue dissolved in ethanol (1 00 cm3). An additional 
afforded solid was removed by filtration and the solvent evaporated in vacuo. 
The residue was red.issolved in hot ethanol and refluxed for 15 minutes, from 
which, after cooling at 0 °C crystals were obtained. The product (0.731 g, 0.819 
mmol) was characterized by elemental analysis and 1 H NMR spectroscopy. 
1 H NMR (CDCI3): 8 7.07(s, 4H, Hm), 6.95(s, 4H, Hm), 6.66(br s, 2H, NH), 
4.84(s, 2H, OH), 4.06(d, 4H, OCOCH2NH), 3.84(d, J 14.5, 4H, Hax), 3.54(d, J 14.6, 
4H, Heq), 2.07(s, 6H, HNCOCHJ), 1.30[s, 18H, C(CH3)3], 1.04[s, 18H, C(CH3)3] 
2.4.3. Introduction of aliphatic and aromatic amine groups by alkylation of 
p-tert-butylcalix[4]arene (0-Amino Calixarene derivatives) 
2.4.3.1. Preparation of 5,11,17,23-tetra-tert-butyl-25,26,27,28-tetra-[2-(dimethyl 
amino)ethoxy)calix[4Jarene [L-12) 
c 2 
0 4 
"'--cH 
I 2 
H C /CH3 
2 ｾｎ＠
ｾ ｃｈ＠ 3 
i) Using tetrabutylammonium hydrogen sulphate-aqueous sodium hydroxide 
( deprotonating agent) 
In a 250 cm3 three-necks-round-bottomed flask equipped with a dropping 
funnel, a condenser and a magnetic stirrer; sodium hydroxide [NaOH] (22.00 g) 
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dissolved in water (20 cm3) was mixed with tetrabutylammonium hydrogen sulphate 
[CH3(CH2)3]4N(HS04) (0.184 g) under stirring. 
p-tert-Butylcalix[ 4]arene (1.63 g) and benzene [C6H6] ( 40 cm3) were added at 
once under continuous stirring. Then, 2-dimethylaminoethyl chloride hydrochloride 
[(CH3)2NCH2CH2Cl.HCl] (1.85 g) in water (6.0 cm3) was added dropwise over a 45 
minutes period. 
The mixture was refluxed for three hours while the course of the reaction was 
monitored by TLC using an hexane:ethyl acetate (8 :2) and dichloromethane:methanol 
(9: 1) mixtures as the developing solvent systems. 
After cooling, the organic phase was separated, washed with water and the 
solvent removed under reduced pressure. 
The residue was dissolved in hot ethanol (20 cm3) and after standing at room 
temperature for a week, the product [L-12] was obtained as colourless crystals in 3 5 
% yield; mp. 176-180 °C; (Found: C, 77.28; H, 10.16; N, 6.01. C6oH92N404 
requires C, 77.20; H, 9.93; N, 6.00 %); lH NMR (CDCl3): 8ppm, 6.77(s, 2H), 4.39(d, J 
12.5, 1H), 4.02(t, J 7.6, 2H), 3.13(d, J 12.5, 1H), 2.94(t, J 7.9, 2H), 2.33(s, 6H), 
1.07(s, 9H); 13c NMR (CDCl3): 8ppm, 153 .25 (Ci),144.48 (Cp),133.69 (Co),124.95 
(Cm), 72.80 (OCH2), 58.69 (OCH2CH2N), 46.27 (NCH3), 33 .78 [C(CH3)3], 31.40 
[C(CH3)3], 30.99 (ArCH2Ar). 
ii) Using sodium hydride ( deprotonating agent) 
Into a dry 250 cm3 three-necks-round-bottomed flask equipped with a 
condenser, an in-out let bubbly nitrogen gas tube and a magnetic stirrer; p-tert-
butylcalix[4]arene (2.52 g) was treated under nitrogen and stirred with sodium hydride 
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[NaH] (60 % in oil suspension) ( 4. 75 g) m a tetrahydrofuran:dimethylformamide 
mixture (80:25) for a 45 minutes period. 
2-Dimethylmninoethyl chloride hydrochloride [(CH3)2NCH2CH2Cl.HCl] 
(dried under vacuum over P205) (6.136 g) was added in portions and after the froth 
overcame, the mixture was refluxed at 85 °C over a three hours period while the 
course of the reaction was monitored by TLC using dichloromethane:methanol (9 : I) as 
the developing solvent system. 
After cooling, most of the solvent was removed under reduced pressure and 
then, the residue was dissolved in dichloromethane and washed with HCl solution ( 1 
mol.dm-3) and a NaHC03 saturated aqueous solution. 
The organic phase was dried with MgS04 and after the removal of the solvent 
(under reduced pressure), the remaining brown-yellow oil material was treated with 
hot ethanol. 
The product afforded [L-12] (on cooling at room temperature) in 4 7 % yield as 
colourless cubical crystals, was characterized by elemental analysis, 1 H and 13 C NMR 
spectroscopy. 
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2.4.3.2. Preparation of 5,11,17,23-tetra-tert-bu tyl-25,26,2 7,28-tetra- [2-
(diethylamino)ethoxy]calix[4]arene [L-131 
Sodium hydride [NaH] (60 % in oil suspension) (4.70 g, 0.117 mmol) 
(previously washed with hexane 3x10 cm3) and p-tert-butylcalix[ 4]arene (2.50 g, 3.85 
mmol) were suspended and stirred for a 3 0 minutes period under nitrogen at room 
temperature in a tetrahydrofuran (70 cm3) (dried over potassium benzophenone ketyl 
and freshly distilled under nitrogen) and N,N-dimethylformamide (15 cm3 stored over 
4A molecular sieve) mixture. 
After a yellow-greyish suspension was developed, 2-diethylaminoethyl chloride 
hydrochloride [(C2H5)2NCH2CH2Cl.HCl] (7.39 g, 43 .0 mmol) was carefully added in 
small portions. Then, the mixture was refluxed under nitrogen at 85 oc for a three 
hours period, while the course of the reaction was monitored by TLC using a 
dichloromethane:methanol (9: 1) mixture as the eluting solvent system. 
After cooling, the reaction solvent was removed under reduced pressure and 
then, the residue treated under vigorous shaking with crushed ice (50 g) and water (50 
cm3) was extracted twice with dichloromethane (2x50 cm3). 
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The combined organic layers dried with MgS04 were stripped from the solvent 
under reduced pressure and the viscous residue treated with acetonitrile. Then, the 
afforded crystalline solid was recrystallized in ethanol. 
The pure compound [L-13] was obtained as colourless cubical crystals in 92 % 
yield (3.82 g, 3.65 mmol) ; mp. 184-188 oc; (Found: C, 78 .21; H, 10.81; N, 5.37. 
C68H1o8N404 requires C, 78.11; H, 10.41; N, 5.36 %); 1H Nrv1R. (CDCI3): 8ppm, 
6.76(s, 2H,), 4.38(d, J 12.3, lH), 4.01(t,J 7.9, 2H), 3.12(d, J 12.5, IH), 3.03(t, 2H, J 
8.1, 2H), 2.60(q, 4H, J 6.7), 1.07(s, 9H), 1.04(t, 6H); 13c Nrv1R. (CDCl3): 8ppm, 
153 .28 (Ci), 144.31 (Cp), 133.67 (Co), 124.88 (Cm), 72.76 (OCH2), 52.75 
(OCH2CH2N), 47.79 (NCH2CH3), 33.77 [C(CH3)3], 31.41 [C(CH3)3], 31.20 
(ArCH2Ar), 12.18 (NCH2CH3). 
2.4.3.3. Preparation of 5,11,17,23-tetra-tert-butyl-25,26,27,28-tetra-[2-
( diisopropylamino )ethoxy1 calix[ 41 a rene [L-141 
[L-14] was prepared according the procedure used for [L-13] usxng 2-
diisopropylaminoethyl chloride hydrochloride [(CH3)2CH]2NCH2CH2Cl.HCl (8.57 g, 
42.8 mmol). The final product purified via recrystallization from an ethanol-
dichloromethane solvent mixture was obtained in 76% yield (3 .37 g, 2.96 mmol). mp. 
220-222 °C ; (Found: C, 78.98; H, 11.06; N, 4.84. C76,N 124N404 requires C, 78.84; 
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H, 10.80; N, 4.84 %); 1H NMR (CDCI3) : 8ppm, 6.74(s, 2H), 4.42(d, J 12.4, 1H), 
3.89(t J 8.2, 2H), 3.12(d, J 12.5, IH), 2.96(q, 2H), 1.07(s, 9H), IO.Ol(s 6H), 0.99(s, 
6H); 13c NMR (CDCI3): 8ppm, 153.09 (Ci), 144.00 (Cp), 133 .73 (Co), 124.71 (Cm), 
75.47 (OCH2), 49.52 (CH), 44.51 (OCH2CH2N) 33 .76 [C(CH3)3], 31.43 
[C(£H3)3], 31.29 ArCH2Ar, 21.07 (CH3). 
2.4.3.4. Preparation of 5,11,17 ,23-tetra-tert-butyl-25,26,27 ,28-tetra-(2-
piperidinoethoxy)calix[ 41 arene [L-151 
[L-15] was synthesized following the procedure used for [L-13] using 1-(2-
chloroethyl)piperidine monohydrocholride (7.90 g, 42.9 mmol). The compound 
recrystallized in ethanol as colourless crystals was afforded in 73 % yield (3 .1 0 g, 2.84 
mmol). mp. 166-168 °C; (Found: C, 79.13; H, 10.09, N, 5.17. C72H1o8N404 
requires C,79.07; H, 9.95; N, 5.12 %); 1HNMR. (CDCl3): 8ppm, 6.75 (s, 2H), 4.40(d, J 
12.5, lH), 4.05(t, J 7.5, 2H), 3.09(d, J 12.5, 1H), 2.95(t, J 7.6, 2H), 2.49(br s, 4H2), 
1.59(q, 4H3), 1.45(br s, 4H4); 13c NMR (CDCl3): 8ppm, 153.44 (Ci), 144.30 (Cp), 
133 .75 (Co), 124.87 (Cm), 72.27 (OCH2), 58.41 (OCH2CH2N), 55.37 (C2), 33.77 
[C(CH3)3], 31.42 [C(CH3)3], 31.20 ArCH2Ar, 26.07 (C3), 24.47 (C4). 
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2.4.3.5. Preparation of 5,11,17 ,23-tetra-tert-butvl-25,26,27 ,28-tetra-(2-
pyrrolidinoethoxy)calix[4Jarene [L-161 
c 2 
Ｐｾ＠ 4 
CH2 
I 2 3 
H,C"'--NJ 
The procedure described for the preparation of [L-13] was followed in the 
synthesis of [L-16], however 1-(2-chloroethyl)pyrrolidine (8.01 g, 43 mmol) in N,N-
dimethylformamide (10 cm3) was added via a glass syringe.The pure compound 
obtained after recrystallization from ethanol, acetonitrile and dichloromethane was 
afforded as needles in 80% yield (3.20 g, 3.08 mmol). mp. 228-233 oc; (Found: C, 
78 .75; H, 9.39; N, 5.80. C68H1ooN404 requires C, 78.72; H, 9.72; N, 5.40 %); 1H 
NMR (CDCl3): 8ppm, 6.77(s, 2H), 4.41(d, J 12.5, 1H), 4.04(t, J 7.8, 2H), 3.13(t, J 1.9, 
2H), 3.11(d, J 12.2 1H), 2.60(br s, 4H2), 1.78(br s, 4H3), 1.07(s, 9H); 13c NMR 
(CDCI3): 8ppm, 152.27 (Ci), 144.44 (Cp), 133.77 (Co), 124.91 (Cm), 73.50 (OCH2), 
55.58 (OCH2CH2N), 54.60 (C2), 33.78 [C(CH3)3], 31.40 [C(CH3)3], 31.03 
ArCH2Ar, 23.56 (C3). 
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2.4.3.6. Preparation of 5,11,17,23-tetra-tert-butyl-25,26,27,28-tetra-
(2-morpholinoethoxy)calix[4Jarene [L-171 
c 2 
Ｐｾ＠ 4 
CH2 
I 3 2 
H2C ;--\ ｾｎ＠ 0 
\_) 
Synthesis of [L-17] was carried out according to the procedure used for [L-
13], with 4-(2-chloroethyl)morpholine hydrochloride (8.01 g, 43 mmol). The 
compound obtained after double recrystallization from ethanol was afforded as fine 
needles in 73% yield ( 3.10 g, 2.81 mmol). mp. 211-212 oc. (Found: C, 74.17; H, 
9.33; N, 5.08. C68H1ooN408 requires C, 74.14; H, 9.15; N, 5.08 %); 1H NMR 
(CDCl3): Oppm, 6.77(s, 2H); 4.42(d, J 12.5, 1H), 4.06(t, J 6.9, 2H), 3.70(t, 4H2), 
3.12(d, J 12.5, 1H), 2.95(t, J 7.1, 2H), 2.52(br s, 4H3), 1.07(s, 9H); 13c NMR 
(CDCl3): Oppm, 153.32 (Ci), 144.66 (Cp), 133.61 (Co), 124.98 (Cm), 71.42 (OCH2), 
66.97 (C2), 58.34 (OCH2CH2N), 54.30 (C3), 33.80 [C(CH3)3], 31.39 [C(CH3)3], 
31.18 ArCH2Ar. 
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2.4.3. 7. Preparation of 5,11,17 ,23-tetra-tert-butvl-25,26,27 ,28-tetra-[2-(2-
guinolinyl)methoxylcalix[4Jarene [L-181 
CH2 
0 4 ｾｃｈ＠
:B: 
6 
The procedure described for the synthesis of [L-13] was followed in the 
preparation of [L-18] using 2-( chloromethyl)quinoline mono hydrochloride. However, 
after the addition of the derivatizing agent, the reaction mixture was gently heated at 
450C for a two hours period. The crude product was treated with activated charcol in 
acetone and the compound isolated by crystallization from acetone was afforded in 3 2 
%, mp. 252-257 °C. (Found: C, 82.60; H, 6.89; N, 4. 78. C84H84N404 requires C, 
83.10; H, 6.97; N, 4.61); 1H Nl\1R (CDCl3): Oppm, 7.9(d, 1H8), 7.7(d 1H3), 7.6(t, 
1H7), 7.3(t, 1H6), 7.18(m, 2H4,5), 6.9(s, 2H), 5.2(s, 2H), 4.6(d, J 12.6, 1H), 3.2(d, J 
12.6, 1H), 1.12(s. 9H); 
13c Nl\1R (CDCI)3: Oppm, 158.7 (C2), 152.9 (Ci), 147.1 (Cb), 145.1 (Cp), 135.9 (C4), 
133.6 (Co), 129.0 (C8), 128.8 (C7), 127.4 (C5), 127.2 (Ca), 125.8 (C6), 125.5 (Cm), 
121.0 (C3), 78.9 (OCH2), 33.9 [C(CH3)3], 31.4 [C(CH3)3], 30.9 ArCH2Ar. 
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2.4.3.8. Preparation of 5.11,17 ,23-tetra-tert-butyl-25,26,27 ,28-tetra-[2-(3-
pyridyl)methoxyl calix[ 41 arene [L-191 
[L-19] was prepared according to the procedure used for [L-13] using 3-
picolyl chloride hydrochloride (7.04 g, 42.9 mmol). In this case , after addition of the 
derivatizing agent the mixture heated at 45 oc was stirred for 7 hours. The crude 
product treated with activated charcol in acetone was crystallized in acetone. The 
compound obtained as needles was afforded in 56 %yield (2.20 g, 2.27 mmol). mp. 
260-263 °C. (Found: C, 80.64; H, 7.59; N, 5.55 . C68H76N404 requires C, 80.59; H, 
7.56; N, 5.53 %); 1H NMR (CDCl3): Oppm, 8.6(s, 1H2), 8.5(t, 1H6), 7.5(d, J 7.7, 
1H4), 7.1(q, lHS), 6.7(s, 2H), 4.8(s, 2H), 3.96(d, J 12.6, lH), 2.80(d, J 12.6, 1H), 
1.06(s, 9H); 13c NMR (CDCl3): 8ppm, 151.6 (Ci), 150.9 (C2), 149.2 (C6), 145.3 (Cp), 
136.9 (C4), 133.7 (Co), 133.0 (C3), 125.2 (Cm), 122.9 (C5), 74.0 (OCH2), 33.8 
[C(CH3)3], 31.3 [C(CH3)3], 31.0 ArCH2Ar. 
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2.4.3.9 Preparation of 5,11,17,23,29,35,41,47-octa-tert-butyl-
49,50,51,52,53,54,55,56-octa-[2-(diethylamino)ethoxylcalix[8Jarene [L-201 
CH2 
Ｐｾ＠ 8 
CH2 
I HC / CH2-CH3 
2 ｾｎ＠
""CH -CH 2 3 
The procedure described in the preparation of [L-13] was used. The calixarene 
used in the derivatization was p-tert-butyl calix[8]arene (2.51 g, 1.94 mmol). The 
product obtained by recrystallization of a white solid material in an ethanol-
dichloromethane mixture was afforded in 81 %yield (3.28 g, 1.563 mmol). mp. 249-
250 °C. (Found: C, 77.40; H, 10.54; N, 5.37. C136H216N808 requires C, 78.11; H, 
10.41; N, 5.36 %). lH NMR (CDCl3): Oppm, 6.95(s 2H), 4.05(br s, 2H), 3.68(br m, 
2H), 2.75(t, J 6.5, 2H), 2.44(q, 4H), 1.07(s, 9H), 0.87(t, 6H); 13c NMR (CDC13) 
Oppm, 153.33 (Ci), 145.57 (Cp), 132.82 (Co),125.69 (Cm), 71.22 (OCH2), 52.72 
(OCH2CH2N), 47.55 (NCH2CH3), 34.11 [C(CH3)3], 31.45 [C(CH3)3], 29.77 
ArCH2Ar, 12.02 (CH3). 
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2.5. PHYSICAL AND PHYSICOCHEMICAL CHARACTHERIZATION 
OF 0-AMINOCALIXARENE DERIVATIVES 
Thin layer chromatography was performed on precoated silica gel (60) plates 
with a fluorescent indicator, usmg hexane:ethyl acetate (8:2) and 
dichloromethane: methanol (9: 1) as eluting mixtures. 
Melting points were measured m a I<ofler hot stage micromelting point 
apparatus and are uncorrected. 
Elemental analysis was performed by Mrs. N. J. Walker at the Chemistry 
Department, University of Surrey on a Leeman Laboratory 444 Elemental Analyser. 
Infra-red measurements were recorded on a Perkin-Elmer System 2000 Fourier 
transform infra-red instrument using Nujol mulls or KBr discs. 
UV/Vis-absorption spectra were recorded on a Pye Unicam PU8720 UV/Vis 
scanning spectrophotometer using 1.00 and 4.00 em cells (Pye Unicam) provided of 
fused silica windows and fitted with ground glass stoppers to prevent the loss of 
solvent. The cell compartment was maintained at 25 oc by circulation of water from an 
isothermal bath. 
Nuclear Magnetic Resonance experiments were performed by Mr J. Bloxsidge 
at the Chemistry Department, University of Surrey. The spectra were recorded on a 
Bruker AC3 00 machine with an Oxford Instrument 7. 04 T magnet. Proton spectra 
were recorded at 300 l\.11-Iz. Carbon-13 spectra were recorded at 75 .5 rviHz with 
composite pulse broad band decoupling. Deuterated chloroform and methanol solvents 
were used as the media and all chemical shifts are quoted in ppm relative to 
tetramethylsilane (TMS) as the internal standard. 
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2.5.1. Determination of molar absorptivity coefficients (s) of 0-
aminocalixarene derivatives in methanol at 298.15 K 
Lithium chloride [LiCl] solution (1.142xl o-2 mol.dm-3) was used as the 
reference medium or background electrolyte solution. It was obtained by dissolving the 
corresponding salt (BDH, reagent grade previously dried in vacuo over P205) with 
methanol (Fisson, HPLC grade). 
0-Aminocalixarene derivative solutions: [L-12] (7.80xlo-4 mol.dm-3), [L-13] 
(7.98xio-4 mol.dm-3), [L-14] {2.07xio-4 mol.dm-3), [L-15] (7.85xlo-4 mol.dm-3), 
[L-16] {8.00xi0-4 mol.dm-3) and [L-17] (7.86xio-4 mol.dm-3) were prepared in the 
background electrolyte solution. 
Absorption spectra data were collected from spectrophotometric titration 
experiments. For this purpose, the background solution {10 cm3) was transferred into 
the titration cell ( 4 em) and fitted in the instrument. The spectrophotometer was 
adjusted to 0 in absorbance in the wavelength range used (220-320 nm). Solutions of 
0-aminocalixarene derivatives were added ten times (50 J...Ll injections, 200 J...Ll in the 
case of [L-14]) from an automatic micropipette. After each addition, the mixing 
solution was homogenized and when thermal equilibrium was achieved (several 
minutes) the spectra were recorded. The spectrophotometric titration carried out in 
this way yielded data as concentration-absorbance pairs each 5 nm covering the 
selected wavelength range. The absorbance at the wavelength of maximum absorption 
was analyzed and the corresponding pairs of parameters (absorbance-concentration) 
plotted led to a linear correlation. 
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2.5.2. Determination of protonation constant values fKHLl of 0-
aminocalixarene derivatives in methanol at 298.15 K 
Potentiometry was the method selected for the determination of the 
protonation constants of 0-aminocalixarene derivatives. The following scheme shows 
the electrochemical cell used for these purposes 
glass electrode I S I I LiCI (MeOH) I AgCll Ag 
Changes in potential (emf) generated in the cell were measured with an Ingold 
20 1-NS combination glass electrode, previously modified. The saturated aqueous 
potassium chloride [I<Cl] solution in the external reference electrode was replaced by a 
LiCI methanolic solution (1.0001 mol.dm-3 saturated with silver chloride) (LiCI salt 
was that employed in spectrophotometric measurements). Methanol (Fissons, HPLC 
grade) was used without further purification. However, when the water content tested 
by I<arl-Fischer titration was higher than 0.05 % this was removed by refluxing the 
solvent with an equivalent amount of magnesium metal in the presence of small 
amounts of iodine (0.5 g of I2/S g of Mg) followed by distillation. Only the middle 
fraction of the distillate was used. 
The combined glass electrode was connected to a digital potentiometer 
interfaced to a computerized system through a high-impedance electrode potential 
amplifier in an identical experimental arrangement as described before (see section 
2.1.1.3). 
The following solutions were required, 
A solution ofHCl04 (1.132x1o-1 mol.dm-3) in methanol (obtained by diluting 
concentrated perchloric acid) was standardized with NaOH (0.1 mol.dm-3 in 
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methanol) using phenolphthalein as the visual indicator144. This solution was used as 
the titrant during the calibration of the electrochemical cell and in the potentiometric 
determination of the protonation constants of 0-aminocalixarene derivatives. 
0-aminocalixarene derivative solutions were the same as those used in the 
determination of the molar absorptivity coefficients (see section 2.5.1). 
2.5.2.1. Electrochemical cell calibration 
Potentiometric titration data used in the calibration of the electrochemical cell 
were collected. Thus, the methanolic solution ofLiCl (25 cm3) was transferred into the 
titration cell and then, the combined glass electrode was immersed in it. The titrant 
solution was injected by stepwise addition via a piston burette (ABU12 Radiometer 
autoburette) (0.0344 cm3/step) once potential stability and thermal equilibrium were 
achieved (12 injections were performed in this way). Potential reading (mV) and 
volumes added (cm3) were recorded before each addition. In this way, emf (14.4-419 
mV) measurements covering a molar concentration range from 0 to 1.839x1o-3 
mol.dm-3 of titrant solution in the vessel were collected. A plot of emf against -log 
[H+] was linear. From this correlation, the electrochemical cell response evaluated 
from the slope (N ernst constant value) and the standard potential (E0 ) (intercept) of 
the cell in use were determined. 
2.5.2.2. Procedure used for the determination of protonation constants of 0-
aminocalixarene derivatives 
Two titrations modes were employed in the determination of protonation 
constants: continuous and stepwise titrations. In both cases, 0-aminocalixarene 
derivative solutions (20 cm3) were titrated. The former mode was carried out as a 
preliminary evaluation of the protonation constant values and for estimating the 
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reaction stoichiometry. In this case, the titrant solution (1 .1 0 cm3) was added 
continuosly under gentle stirring over a 550 s periods. Potentiometric data were 
collected every 5 s and recorded as a plot of time-voltage and as a matrix of time-
voltage pairs. An average of 110 points were recorded. The latter mode was performed 
following the procedure for the calibration of the electrochemical cell. In this case, the 
titrant solution was added in 25 steps (0.86 cm3) and potentiometric data were used in 
the estimation of corresponding protonation constant values. 
2.6. THE INTERACTION OF 0-AMINOCALIXARENE DERIVATIVES 
WITH CATIONS AND ANIONS 
2.6.1. The interaction of 5,11,17,23-tetra-tert-butyl-25,26,27,28-tetra-[2-
(dimethylamino)ethoxylcalix[4Jarene [L-121 with silverU), mercury(II) and 
lead(II) in methanol at 298.15 K 
Silver(I)-[L-12] derivative interactions were studied from potentiometric 
titration experiments. The electrochemical cell, employed for such purpose is 
illustrated as follows, 
indicator electrode (i.e.) I S I I Bu4NCl04 I I AgN03 I Ag 
Silver wire (1.00 mm diameter, 99.99% Aldrich) was used as the indicator 
electrode and as a part of the reference electrode. 
tetra-n-Butylammonium perchlorate [Bu4NCl04] (Fluka, puriss grade), tn 
methanol solution (1.001x1o-2 mol.dm-3) was used as the supporting electrolyte. 
94 
Experimental Part 
Silver nitrate [AgN03] (Aldrich, reagent grade), dissolved in a solution of the 
supporting electrolyte (5.09x1o-3 mol.dm-3) was used as the internal solution in the 
reference electrode and as the titrant solution in the electrochemical cell calibration. 
[L-12] (1.014x1o-2 mol.dm-3) in methanol was employed as the titrant 
solution in the process. 
The reference electrode was prepared using two empty glass calomel electrode 
bodies of different diameters, the narrower, containing the silver wire and the silver 
nitrate-supporting electrolyte solution was fitted into the wider which was filled with 
the supporting electrolyte solution. 
The electrochemical cell was calibrated at 25 oc by stepwise potentiometric 
titration of the supporting electrolyte solution (20 cm3) against silver nitrate solution. 
Ten addition (0.1 cm3Jstep) were performed and from the potentiometric data, values 
for E0 and the Nernst constant were determined (see section 2.5.2.1). The final 
solution (21 cm3), which was silver nitrate (1.96x1o-4 mol.dm-3) was titrated with 
the [L-12] derivative solution (1.014x1o-2 mol.dm-3). Fifteen additions (0.1 cm3Jstep) 
were performed. From this titration curve, the reaction stoichiometry was determined 
and from the potentiometric data collected beyond the end point of the titration, the 
stability constant value (Ks) for the complex was estimated. 
The interaction of L-12 with silver(I) in methanol at 298.15 I< was also studied 
conductometrically. In this case, electrolytic conductances were measured at 25 oc 
using an Autobalance Universal Bridge, Metler AE240. A conductivity cell constructed 
of pyrex glass with platinised electrodes was used. Its cell constant (0.277 cm-1) was 
determined with an standard aqueous potassium chloride solution (0.0134 mol.dm-3) 
by conductometric titration. The cell was fitted into a thermostated jacket vessel by a 
ground glass joint and the electrodes were connected to the bridge by mercury and 
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copper wires. The electrolytic conductance of the solvent (methanol, HPLC grade used 
without further purification) was measured. It was found to be less than 1.497x1o-6 
ohm-1 cm-1 . 
Silver perchlorate solution (25 cm3, 2.17x1o-4 mol.dm-3) in methanol was 
titrated with a [L-12] solution (4.98x1o-3 mol.dm-3) in the same solvent. Twenty 
three injections (0.1 cm3Jstep) were performed and the electrolytic conductances were 
recorded and corrected for the solvent contribution. A plot of electrolytic 
conductances ( ohm-l.cm-1) against LIM concentration ratios was constructed and the 
reaction stoichiometry determined. 
Likewise, the interaction of this derivative with mercury(II) and lead(II) in 
methanol at 25 °C was investigated following this procedure. Thus, mercury(II) 
perchlorate [Hg(Cl04)2] solution (1.314x1o-5 mol.dm-3, 25 cm3) was titrated with 
[L-12] solution (5.039 xlo-3 mol.dm-3), whereas lead(II) perchlorate [Pb(Cl04)2] 
solution (1.379xlo-4 mol.dm-3, 25 cm3) in methanol was titrated with [L-12] solution 
(4.995xlo-3 mol.dm-3) in the same solvent. 
2.6.2. The interaction of 5,11,17,23-tetra-tert-butyl-25,26,27,28-tetra-[2-
(diethylamino)ethoxy]calix[4]arene [L-131 with silver(!) in methanol at 
298.15 K 
In addition, the interaction of [L-13] with silver(I) in methanol at 25 °C was 
also investigated following the previous procedure. Thus, silver(!) perchlorate solution 
(1.95x1o-4 mol.dm-3, 25.5 cm3) in methanol was titrated with [L-13] solution 
(4.99xlo-3 mol.dm-3) in the same solvent. Twelve injections (0.2 cm3/step) were 
performed and electrolytic conductance data were recorded. 
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2.6.3. The interaction of 5,11,17,23-tetra-tert-butyl-25,26,27,28-tetra-[2-
(dimethylamino)ethoxylcalix[4]arene [L-121 with perchloric acid, p1cnc 
acid and hydrogen tetrachloro goldUID 
The interaction of [L-12] with perchloric acid and hydrogen tetrachloro 
gold(III) [HAuCl4] in methanol at 298.15 K and with picric acid [(02N)3C6H20H] in 
tetrahydrofuran at 298.15 I< were experimentally performed by spectrophotometric 
titration and by the isolation of the corresponding macromolecular compounds. 
The spectrophotometric titration used for evaluating the interaction process of 
[L-12] with HCl04 was performed as follows; a [L-12] solution (1.07 mol.dm-3, 3.5 
cm3) in methanol was transferred to a 1 em cell and thermostated at 25 oc. It was then 
titrated with a HCl04 solution (1.75x1o-2 mol.dm-3) prepared in the methanolic 
solution of ligand L-12 (in order to avoid dilution effects in the absorption spectra) by 
stepwise addition (20 f.lllinjection) while absorption spectra were recorded over the 
230-320 run wavelength range. 
On the other hand, the spectrophotometric stepwise-titration of a solution of 
picric acid (7.86x1o-5 mol.dm-3, 3 cm3) in tetrahydrofuran was performed in I em 
cell containing a solution of [L-12] (7.59xio-4 mol.dm-3) in the same solvent. These 
titrations were carried out in the 220-550 nm wavelength range following the 
procedure previously described for evaluating the interaction of ligand [L-12] with the 
acid (perchloric acid). 
Although absorption spectra yielded from the interaction of HAuCl4 with [L-
12] in methanol was recorded, the solution was not stable after several hours (12 
hours). 
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The isolation of the macromolecular compounds (afforded by the interaction of 
the ligand and the metal cations) was carried out as follows; 
A solution of [L-12] in methanol (25 cm3, 4.286xio-3 mol.dm-3) at 60 oc 
was treated with an excess of HCl04 in methanol. The mixture was refluxed for a 30 
minutes period. After cooling, the resulting crystalline solid was isolated by filtration, 
dried in vacuo and characterized by elemental analysis, IR, UV and NMR 
spectroscopy. 
Following the same procedure, [L-12] in methanol (1 gin 25 cm3) was treated 
with an excess of HAuCl4 solution which was prepared in HCl (1 mol.dm-3) in 
methanol. The yielded crystalline yellow solid (flakes) was dried and characterized by 
elemental analysis, IR, UV and NMR spectroscopy. 
2.6.4. The extraction of gold(lll) in the water-dichloromethane system at 
298.15 K by 5,11,17,23-tetra-tert-butyl-25,26,27,28-tetra-[2-(dimethyl 
amino)ethoxyl calix[4]arene [L-121 
i) Requirements 
The HAuCl4 aqueous solution (1.25xio-2 mol.dm-3) was obtained by 
dissolving HAuCl4.3H20 (Aldrich) m deionised water (saturated with 
dichloromethane). Hydrochloric acid 37%, reagent grade (Aldrich) was used for 
adjusting the W concentration in the aqueous phase. NaCl (2.5 mol.dm-3) in 
deionised water (saturated with dichloromethane) and [L-12] solution (1.162xi0-4 
mol.dm-3) in dichloromethane (Fisson, reagent grade) saturated with water were 
prepared. 
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ii) Procedure 
The aqueous phase (10 cm3) containing gold(III) (1x1o-3 mol.din-3) dissolved 
in HCl aqueous solutions of different concentrations (0.48 to 4.32 mol.dm-3) was 
shaken with the organic phase, 10 cm3 (1.16x1o-4 mol.dm-3). The mixture was 
equilibrated at 298.15 K for 12 hours and centrifuged at the same temperature for 10 
minutes. A volume of the aqueous phase was carefully removed and then analyzed for 
gold(III) using UV spectroscopy. The calibration curve required for these 
measurements was performed using solutions containing different concentrations of 
HAuCl4, which were prepared in a HCI (1 mol.dm-3) solution. A plot of absorbance 
(recorded at 313 .9 nm) against gold(III) concentration gave a straight line from which 
a molar absorption coeeficient of 6,400 moi-l dm3 cm-1 was calculated. 
2.6.5. The interaction of 5,11,17,23-tetra-tert-butyl-25,26,27,28-tetra-(2-
piperidinoethoxy)calix[4]arene [L-151 with gold(lll), silver(l) and lead(ll) 
The interaction of [L-15] with gold(III), silver(!) and lead(II) was investigated 
by physicochemical studies on the corresponding adducts. These were prepared 
according to the following procedures. 
i) A methanolic solution ofHAuCl4.3H20 (1.268xlo-2 mol.dm-3, 25 cm3) at 60 oc 
was mixed with a methanolic solution of ligand (1.46xio-2 mol.dm-3, 5 cm3). The 
mixture was refluxed for 3 0 min. After cooling, yellow crystalline needles were 
isolated by filtration and characterized by elemental analysis, IR and NrviR 
spectroscopy. 
ii) A solution of the ligand in methanol (3 .64xio-3 mol.dm-3, 25 cm3) at 50 oc was 
treated with AgN03 in methanol (0.117 mol.dm-3, 5 cm3). The hot solution was 
filtered. After cooling, the resulting solid was isolated by filtration. It was stored in the 
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dark. Characterization by elemental analysis and 1 H NMR spectroscopy was carried 
out. 
iii) A solution of lead(II) nitrate [Pb(N03)2] in methanol (3.02xio-3 mol.dm-3, 50 
cm3) at 60 °C was treated with a solution of the ligand in methanol (0.085 g, 0.0778 
mmol). The mixture was refluxed for one hour, filtered and left for several days until a 
precipitate was formed. The solid was isolated and it was characterized by elemental 
analysis and 1 H N1vffi. spectroscopy. 
2.6.6. The interaction of 5,11,17,23-tetra-tert-butyl-25,26,27,28-tetra-[2-(3-
pyridyl)methoxy]calix[4]arene [L-191 with gold(lll), copper(II), nickeiai) 
and cobalt(ll) 
The Interaction of [L-19] with several transition metal cations has been 
investigated experimentally using spectrophotometric and conductometric titration 
measurements. 
Spectrophotometric titrations in methanol at 298 K using a 1 em cell were 
carried out as follows, 
i) For gold(III); a solution ofKAuCl4 (2.15x1o-4 mol.dm-3, 2.5 cm3) in methanol was 
titrated with a solution of [L-19] (2.55xlo-3 mol.dm-3) in the same solvent within a 
range from 0.118 to 0. 948 LIM (ligand/metal) ratio concentrations. The titrant was 
added in eight steps (25 f.ll/step) while absorption spectra were recorded in the 230-
500 nm wavelength range. 
ii) For copper(II), nickel(II) and cobalt(II); solutions of Cu(N03)2.3H20 (2.56x1o-2 
mol.dm-3, 2.5 cm3), Ni(CH3C00)2.4H20 (7.88xio-3 mol.dm-3, 2.5 cm3) and 
Co(CH3C00)2.4H20, (4.09xlo-3 mol.dm-3, 2.5 cm3); respectively were titrated 
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separately with the ligand added as a solid. The absorption spectra were recorded in 
the 300-800 nm wavelength range. 
For conductometric titrations in methanol at 25 °C, the conductance cell 
outlined before (see section 2.6.1) was used. These titrations were carried out as 
follows; 
i) For gold(III); A solution of KAuCl4 (3 .58x1o-5 mol.dm-3, 31 cm3) was titrated 
with a [L-19] solution (2.55x1 o-3, mol.dm-3). Twelve injections (75 J.ll/step) were 
added within 0. 148-1.778 LIM ratio concentrations. Conductance data were recorded. 
ii) For copper(II), a Cu(Cl04)2 solution (2.18x1o-4 mol.dm-3, 31 cm3) was titrated 
with a [L-19] solution (2.55x1o-3 mol.dm-3). Fifteen injections (75 J.ll/step) were 
performed within a range of0.145-2.184 LIM concentration ratios. Conductance data 
were collected. 
2.6. 7. Isolation of gold(lll), copper(ll) and platinum(IV)-[L-19] complexes 
The extraction process was the method used in the preparation of [L-19] 
adducts of gold(III), copper(II) and platinum(IV). 
Solutions ofL-19 in dichloromethane (3.7x1o-3 mol.dm-3, 40 cm3; 3.95x1o-3 
mol.dm-3, 25 cm3 and 3.15x1o-3 mol.dm-3, 25 cm3) were used for the extraction of 
gold(III), copper(II) and platinum(IV); respectively. 
For gold(III) and copper(II), the aqueous phase was prepared in aqueous 
potassium chloride (1.013 mol.dm-3) whereas for platinum(IV) deionised water was 
used. Thus, the following aqueous solution; KAuCl4 (2.34x1o-2 mol.dm-3, 40 cm3), 
101 
Experimental Part 
CuCl2.2H20 (2.346x1o-2 mol.dm-3, 50 cm3) and K2PtCl6 (3.23x1o-3 mol.dm-3, 
100 cm3) were used. 
The extraction processes were performed at 25 °C for gold and copper; and at 
30 oc for platinum. Thus, aqueous and organic phases were shaken together in the 
appropriate separating funnel (several times for platinum) for a period of twelve hours. 
Then, the organic phase was removed, dried over sodium sulphate, filtered and 
evaporated in vacuo. The yellow brown (gold), bright green (copper) and bright yellow 
(platinum) residues were dried over phosphorous pentoxide under vacuum and 
characterized by elemental analysis, IR, UV and NMR spectroscopy. The pH of the 
aqueous phase before extraction was 4.8 for gold, 5.0 for copper and 2.5 for platinum. 
After extraction, the pHs of aqueous phases were 5.5, 5.2 and 2.5, respectively. 
Infrared spectra were recorded on KBr discs within the 400-4000 cm-1 wavenumber 
range. Absorption spectra were recorded in dichloromethane at 25 oc in the 230-550 
nm (gold, platinum) and 400-800 nm (copper) wavelength range. lH NMR spectra for 
gold and platinum were recorded at 25 °C in CDCl3 . 
2.6.8. The interaction of 5,11,17,23,29,35,41,47-octa-tert-butyl-
49,50,51 ,52,53,54,55,56-octa -[2-( diethylamino )ethoxyl calix [8] a rene · [L-20] 
with sodium(l), aluminium(lll), iron(lll), nickel(ll), ytrium(lll), 
mercury(ll), lead(ll), praseodymium(lll) 
The interaction of [L-20] with several metal cations was investigated by 1 H 
NMR. Spectral data were recorded at 25 °C using a mixture of solvents (CDCh-
CD30D, 9: 1). Thus, [L-20] (0.015 g) dissolved in chloroform was mixed in a vial 
bottle with a methanolic solution containing an excess of the metal-cation salt. 
Mixtures were shaken and the clear solutions (obtained by suction filtration) were 
transfered into the NMR tube. The spectra were recorded at 3 00 MHz. The chetnical 
shifts (ppm) relative to tetramethylsilane were compared with those of the free ligand. 
102 
----- ---- -- --------------------"iiiiiiil-
Experimental Part 
The following metal cation salts were used: sodium perchlorate (Aldrich), 
aluminium(III) perchlorate (Aldrich), iron(III) perchlorate (Johnson Matthey), 
nickel(II) perchlorate (Aldrich), Ytrium(III) perchlorate (Johnson Matthey), 
mercury(II) perchlorate (Aldrich), lead(II) nitrate (BDH), praseodymium(III) 
perchlorate (Johnson Matthey). 
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CHAPTER III 
104 
Results and Discussion 
RESULTS AND DISCUSSION 
Following the objectives of this thesis outlined in the Introduction, the results 
are presented and discussed under the following headings 
3 .1. p-tert-Butylcalix[n]arenes (n=4,6,8) and their interactions with amines. 
3.2. Synthesis ofEthyl-p-tert-butylcalix[n]arenes (n=4,6,8) ethanoates. Interaction 
with alkali-metal cations in acetonitrile and benzonitrile at 298 . 15 K. 
3. 3. Introduction of functional groups at the para position of calix[ 4 ]arene. 
3.4. Introduction of functional groups at the lower rim ofp-tert-butylcalix[4]arene. 
3. 5. Physical and physicochemical characterization of 0-aminocalixarene 
derivatives. 
3. 6. The interaction of 0-aminocalixarene derivatives with cations and anions. 
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3.1. p-tert-BUTYLCALIX[nJARENES · (n=4,6,8) AND THEIR 
INTERACTIONS WITH AMINES 
As discussed in section 1.6.2, the interactions between calixarenes [Calix(n)] 
and amines (A) involve a proton transfer process as described by eqn. 4 
A(s) + Calix(n)(s) ｾ＠ [HA +calix(n)-](s) (4) 
The formation of ion-pairs [HA +calix(n)-] or a dissociated electrolyte 
[HA + + Calix(n)-] would be strongly dependent on the solvent (s). Whether the ion-
pair or the dissociated electrolyte or both are present in solution, an important aspect 
to consider is the acid-base properties of the interacting species in the appropriate 
solvent. Therefore, under this heading the results are presented and discussed in the 
following order, 
3 .1.1 . Determination of the proto lysis constant, Ks of benzonitrile at 298.15 K. 
3 .1.2. Determination of the protonation constants, KAH of amines in benzonitrile at 
298.15 K. 
3 .1. 3. Determination of the dissociation constants, Ka of p-tert-butylcalix[ n] arenes 
(n=4,6,8) in benzonitrile at 298.15 K. 
3.1.4. Extraction oftert-butylamine from aqueous solutions by p-tert-
butylcalix[8]arene in benzonitrile at 298.15 K. 
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3.1.1. Determination of the protolysis constant, Ks of benzonitrile at 
298.15 I( (Definition of pH scale) 
Benzonitrile has structural features similar to acetonitrile (the former shows in 
its structure a phenyl ring adjacent to the nitrile and it does not contain a labile 
hydrogen atom in the a. position with respect to the nitrile) and this was the solvent 
selected as the reaction medium. This selection was based on i) the better solvating 
properties of benzonitrile for p-tert-butylcalix[ n ]arenes with respect to other apr otic 
solvents30 and ii) the fact that a phase separation between water and benzonitrile can 
be achieved and therefore, the direct partitioning of amines in this solvent system is 
feasible. 
It is assumed that benzonitrile (C6H5CN = SH) undergoes dissociation 
according to the process represented by eqn. 5. As a result, the ionic species 
C6H5CNH+ (protonated solvent, SH2+) and C6f4CN- (deprotonated solvents-) are 
formed. 
2 C6H5CN <=> C6H5CNH+ + C6H4CN-
For simplicity, eqn. 5 is written as 
(5) 
(6) 
The equilibrium constant, Ks, for the process represented by eqn. 6 expressed in terms 
of activities (a) is given by 
(7) 
Given that [SH] is assumed to be large and approximately constant, the protolysis 
constant, Ks for benzonitrile can be defined as, 
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(8) 
On the other hand, it is known that electrochemically a metal (M) dipping into 
a solution of its own ions (M+) constitutes a metal-metal ion electrode (half cell) which 
may be represented by the equilibrium redox reaction described by eqn. 9 
(9) 
The Gibbs energy change (AG) for the electrode reaction is defined by 
(10) 
where AG0 is the standard Gibbs energy of the process and R and T denote the gas 
constant (8 .3143 J K-1 moi-l) and the absolute temperature in Kelvin; respectively. 
The Gibbs energy change is related to the electrode potential by the following 
expression, 
AG = -nFE or AGO -nFE0 (11) 
where E0 denotes the standard electrode potential of the reaction represented by 
eqn. 9. In eqn. 11, n is the number of electrons taking part in the reaction and F is the 
Faraday constant in coulombs mol-l. The potential or electromotive force (emf) 
developed by the electrode is a function of the equilibrium position of the reaction (9). 
Combination of eqns. 10 and 11 leads to the Nernst equation ( eqn. 12) 
E = Eo+ (RT/nF) In (aw) (12) 
If the equilibrium for the redox reaction ( eqn. 9) can be established rapidly, the 
potential developed by the electrode (MIM+) can be measured via a potentiometric 
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device using a reference electrode. Thus, the aM+· and consequently, the equilibrium 
constant for this redox reaction can be determined from potentiometric data. 
The protolysis constant of benzonitrile was experimentally determined by 
potentiometric titrations carried out at 298.15 K. For this purpose, the procedure 
suggested by Budevsky and coworkers145 so called uEo titrations" which is associated 
with the determination of the standard potential of the electrochemical cell (mV) in 
excess of acid (E0 a) and in excess ofbase (EOb), was used. 
In such way, the following equations were used to evaluate £0 a and £Ob 
E = E0a + (RT/nF) ln acsH2+) or E = E0a + 59.16log acsH2+) 
E = Eob - (RT/nF) ln acs-) or E = £Ob - 59.16log acs) 
(13) 
(14) 
Substitution of a(SH2+) and acs-) in eqn. 8 by their equivalent terms in eqns. 13 
and 14 leads to the proto lysis constant of the solvent. ( eqn. 15) 
pKs = (EOa - £Ob) I (RT/nF) or pKs = (EOa - £Ob) I 59.16 (15) 
where pKs expresses the protolysis constant value often referred as the pH-scale of 
the solvent ( eqn. 16) 
pKs = -logKs (16) 
In eqns. 13 and 14, the activities of the protonated and deprotonated species 
were calculated by 
(17) 
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where, y± is the mean molar ionic activity coefficient which was evaluated by the use 
of the extended Debye-Htickel equation (eqn. 18) 
In this equation, the Debye Ruckel constants, A and Bare as follows, 
A = 1.825x1o6 (cT)-3/2 mol-1/2 dm3/2 
B = 5.029xlo11 (cT)-1/2 m-1 mol-1/2 dm3/2 
(18) 
(19) 
(20) 
The dielectric constant (E) used for benzonitrile was E = 25.2133 at 298 .15 K and the 
ion size parameter (a) was assumed to be 5xlo-8 em. 
Potentiometric titration data and the treatment used for the calculation of E0 a 
and £Ob in benzonitrile are listed in Tables 3.1 and 3 .2. The standard deviation of the 
data was calculated from cr = [L:(x- xi I (n- 1)]1/2 and errors are given as twice the 
standard deviation. From these data, the standard potential values for the 
electrochemical cell in the acid (E0 a) and in the basic (E0 b) regions in m V were found 
to be 883.0±1.4 and -1030.4±1.2; respectively. 
Finally, the pH-scale for benzonitrile expressed as pKs and the corresponding 
proto lysis constant value of the solvent at 298.15 K were calculated by using eqns. 15 
and £0 a and £Ob values given above. These are as follows, 
pKs = 32.34 
Therefore, 
Ks = 4.571 x 1o-33 
The Ks value is referred to the standard state of 1 mol dm-3 for SH2 + and s-; 
respectively. 
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Although potentiometric titration experiments were not carried out to calibrate 
the electrochemical cell, the Nernstian response of the cell was evaluated 
simultaneously in the determination of E0 a and E0 b. Thus, the constancy observed in 
the standard potential values (EO a and E0 b) reported in Tables 3.1 and 3.2 corroborate 
the Nernstian response of the cell. 
Benzonitrile has been used as reaction medium in numerous electrochemical 
studies (e.g. polarographic studies of the electrochemical behaviour of cations and 
anions146). However, there is little information about its use in the determination of 
dissociation and protonation constants of acids and bases.133 
Among the dipolar aprotic solvents containing the C=N group, acetonitrile has 
been widely used in acid-base titrations, most of which have been carried out 
potentiometrically, using glass electrodes. Acid-base equilibria has been studied and 
the determination of dissociation and protonation constants has been performed 
successfully in this solvent.147, 148 
The use of this solvent for acid-base titrations is attributed to the presence of 
the C=N group in its structure. Although, benzonitrile differs from acetonitrile in that 
i) the former solvent has delocalized electrons in the phenyl ring, capable of interacting 
with the C=N group and ii) benzonitrile has a large adjacent phenyl group (as 
compared to the methyl group in acetonitrile) which leads to steric effects, the acid-
base properties (usually quantified by their protolysis constans, Ks) of these solvents 
must be similar. This statement is substantiated by the similar pKs values for 
acetonitrile147,149,150 and benzonitrile shown in Table 3.3 
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Table 3.1 Experimental potentiometric titration data and their treatment for the 
estimation of E0 a in benzonitrile at 298.15 K 
VwcJo4lcm3 E/mV 1 o4 a(SH2+l/mol dm-3 59.16 (-log a(SHZ+J) EOafmV 
1.764 653 .0 1.338 229.2 882.2 
1.828 659.0 1.592 224.7 883.7 
1.893 662.5 1.840 221.0 883.5 
1.957 666.0 2.087 217.7 883.7 
2.021 669.0 2.332 214.9 883.9 
2.085 670.5 2.577 212.3 882.8 
2.149 672.5 2.820 210.0 883.5 
2.213 674.4 3.062 207.9 882.4 
2.278 676.0 3.303 205.9 881.9 
Table 3.2 Experimental potentiometric titration data and their treatment for the 
estimation of E0 b in benzonitrile at 298.15 K 
V (Me4NOH)/cm3 E/mV 1 o4 a[8-1tmol dm-3 59.16 (log a[8-1) E 0 b/mV 
0.873 -827 3.602 -203.7 -1030.7 
0.903 -835 4.887 -195.9 -1030.9 
0.933 -840 6.168 -189.9 -1029.9 
0.963 -846 7.446 -185 .1 -1031.1 
0.993 -849 8.720 -181.0 -1030.0 
1.023 -852 9.990 -177.5 -1029.5 
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Table 3.3. Autoprotolysis constants on the logarithmic scale (pKs = - log Ks) and 
permittivity coefficient ( e) values for acetonitrile and benzonitrile 
at 298.15 I( 
Solvent pKs e Method 
Acetonitrile 28.6a 36.od e.m.f. 
26.5a 36.od KAxKB 
26.ob 36.od e.m.f. 
>32.2C 36.od KAxKBe 
Benzonitrile 32.34 25.2d EO titration 
a Ref. 147, b Ref. 148, c Ref 149, d Ref 133, eKAxKB. An indirect way of obtaining 
pKs is provided by the fact that the product of the acidity constant KA and the basicity 
constant KB of an acid-base conjugate pair gives the autoprotolysis constant of the 
solvent (Ks = KAxKB) 
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3.1.2. Determination of the protonation constant I(4H. of amines in 
benzonitrile at 298.15 K 
Amines (A) can undergo protonation in the presence of an acid solution in 
benzonitrile (SH2 +) according to the equilibrium given by 
A + SH2+ <=> AH+ + SH (21) 
The protonation constant for this equilibrium expressed in terms of activities is given 
by 
(22) 
On the assumption that y±A_H+ = r±sH2+, expression 22 can be written as follows, 
(23) 
From potentiometric measurements, [SH2 +] can be evaluated from the emf 
developed in the electrochemical cell when the equilibrium reaction described by 
eqn. 21 takes place 
Thus, [SH2 +]was quantified in the course of the titration experiment from the 
measured emf (E) using a modified form of eqn. 12, as described below 
pCsH2+ = [(E0 a- E) I 59.16] +logy± (24) 
The E0 a value is the same as that defined above for the determination of the proto lysis 
constant of benzonitrile. Thus, taking into account eqns. 13 and 23, it follows that the 
protonation constant KAH is given by 
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log KAH = log ([ AH+] I [A]) + pCSH2+ (25) 
In practice, for the calculation of log KAH values (prior the end point of the titration) a 
modified form of eqn. 25 was used (eqn. 26). 
log KAH =log [HCl04] I ([A]i - [HCl04]) + pCsH2+ (26) 
In this equation, [HCl04] is the molar concentration of added acid and [A]i is the total 
concentration of the amine as determined by the non-linear interpolation method 139 
The data for the protonation constants for the various amines (triethylamine, 
tert-butylamine, atropine, 1-aminoadamantane, morpho line, R-( + )-cx-
methylbenzylamine, piperazine, kryptofix 222 and 22) in benzonitrile at 298.15 K are 
summarized in Tables 3.4 and 3.5. 
The potentiometric titration of these amines with perchloric acid in benzonitrile 
has conveniently been performed by the use of the pH (glass-silver) combination 
electrode. Pronounced breaks in potential at the end point of the titration curves have 
been observed even for diprotic amines which exhibit small Ll(log KAH) in water (for 
example cryptand 22, 1.6 and cryptand 222, 2.3). Representative potentiometric 
titration curves for triethylamine and cryptand 222 in benzonitrile at 298. 15 K are 
sh9wn in Figs. 3.1 and 3.2. 
The protonation constants reported in Tables 3.4 and 3. 5 indicate that among 
the investigated amines, piperazine and cryptand 222 are the strongest bases in 
benzonitrile. Triethylamine, tert-butylamine and atropine exhibit similar basic 
properties with log KAH values of the order of 17. 8, whereas morpho line and R-( + )-cx-
methylbenzylamine show a lower basicity in this solvent. 
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Table 3.4 Protonation constants of amines and their location on the benzonitrile 
pH-scale at 298.15 K 
Amine logKAH 
Piperazine 18.56 
Kryptofix 222 18.40 
Triethylamine 17.98 
Kryptofix 22 17.79 
!-Butylamine 17.79 
Atropine 17.71 
1-Aminoadamantane 17.06 
Morpho line 16.67 
R -( + )-a-Methylbenzylamine 16.06 
(I<riptofix 222)H+ 15.18 
(Kriptofix 22)H+ 14.82 
(Piperazine )H+ 12.42 
Table 3.5 Protonation constants (log KAu) of amines and Gibbs energy data in 
I{J mol-1 for· the protonation process in benzonitrile at 298.15 K 
Amine llogK,m ｾａｈｇｏ｝＠ I log K<lm ｾａｈｇ Ｐ Ｒ＠
Piperazine 18.56 ± 0.05 -105.96 12.42 ± 0.07 -70.91 
Kriptofix 222 18.40 ± 0.05 -105.05 15.18 ± 0.08 -86.66 
Kriptofix 22 17.79 ± 0.05 -101.56 14.82 ± 0.08 -84.61 
triethylamine 17.98 ± 0.02 -102.65 
t-butylamine 17.79 ± 0.02 -101.56 
Atropine 17.71 ± 0.01 -101.11 
1-Aminoadamantane 17.06 ± 0.02 -97.40 
Morpho line 16.67 ± 0.02 -95.15 
R-( + )-a.-Methylbenzylamine 16.06 ± 0.01 -91.69 
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Although there are not previous studies on acid-base properties of amines using 
benzonitrile as the reaction medium, several reports are found in the literature on acid-
base titrations in non-aqueous solvents including acetonitrile147 ,148,151 . Taking into 
account the similar acid-base properties of benzonitrile and acetonitrile as reflected in 
their pKs values, protonation data for amines in acetonitrile are particularly interesting 
since these allow useful comparisons to be made. Thus, following the work carried out 
by Fritz151 in his attempts to establish a correlation between the strength of organic 
bases in acetonitrile relative to water (Fig. 3.3), log KAH values obtained in this work 
for the various amines in benzonitrile at 298.15 I< are plotted against corresponding 
data in water152-155 as shown in Fig. 3.4. An excellent straight line is obtained with a 
calculated slope of about 90 m V per log KAH unit. This value is not far from the slope 
of 100 m V reported for these amines in the water-acetonitrile system. Interpretation of 
these data indicates that the basic behaviour of amines in benzonitrile is similar to that 
observed in acetonitrile. This statement is further corroborated by the log KAH values 
for triethylamine in acetonitrile at 298.15 I< reported by Coetzee147 (18.46); 
Kolthoff148 (18.70) and Izutzu156 (18 .5) which do not differ significantly from the 
value of 17.98 obtained in this work for this amine in benzonitrile (see Table 3.4). 
Since this research is related to the interaction of amines with p-tert-butylcalix[ n ]arenes 
(n=4,6,8), the acid-base properties of the latter compounds in benzonitrile are now 
discussed. 
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3.1.3. Dissociation constants Ka of p-tert-butylcalix[n]arenes (n=4,6,8) in 
benzonitrile at 298.15 K 
p-tert-Butylcalix[n]arenes (n=4,6,8) (Calix) in the presence of a strong base 
cs-) in benzonitrile can undergo deprotonation according to the following process, 
Calix + S- ¢::> Calix- + SH (27) 
In eqn. 27, SH is the reaction medium and consequently, changes in [SH] during the 
deprotonation process should not be observed. Therefore, the equilibrium constant Kd 
for the process ( eqn. 27) is given by 
Kd = [Calix-]y± I [Calix] [S-]y± (28) 
On the assumption of that the mean molar activity coefficient y± for Calix- and 
s- are identical in value, it follows that 
(29) 
This equilibrium constant expressed in terms of [SH2 +] and Ks can be written 
as 
(30) 
The strength of an acid in a given solvent is measured by its dissociation 
constant, Ka (usually expressed as pKa = - log Ka) in that solvent. Therefore, the 
acid strength (for the dissociation of the first proton) of calixarene in benzonitrile is 
represented in the following process, 
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Calix + SH <=> Calix- + SH 2 + (31) 
The dissociation constant for this process, is given by 
Ka = [Calix-] [SH2 +]I [Calix] (32) 
results to be identical to that shown in eqn. 3 0 (Kd Ks). Hence, dissociation constants 
for p-tert-butylcalix[n]arene (n= 4,6,8) can be determined via a deprotonation reaction 
in the presence of a strong base. 
The deprotonation process of calixarenes in benzonitrile was studied 
potentiometrically and the dissociation constants for these macrocycles were estimated 
by the use of the eqn. 31, where [SH2 +]was quantified from the emf generated by the 
electrochemical cell when potentiometric titrations of p-tert-butylcalix[n]arene with 
tetramethylammonium hydroxide were carried out in benzonitrile at 298.15 K. 
Thus, the emf (E) measured prior the end point in the titration curve and the 
E0 a value previously determined were used in the calculation of pCsH2 + by means of 
eqn. 33. The dissociation constant Ka (expressed as pKa) was calculated from eqn. 34. 
pCSH2+ = -log [SH2+] = (E0 a- E) I 59.16 
pKa = -log Ka = log [Calix] I [Calix-]+ pCsH2+ 
(33) 
(34) 
Since calixarenes in solution behave as polyacids the following equilibria are 
considered, 
Calix + SH <=> Calix- + SH 2 + 
Calix- + SH <=> Calix2- + SH 2 + 
Calix2- + SH <=> Calix3- + SH2 + 
... Kal 
... Ka2 
.. . Ka3 
(35) 
(36) 
(37) 
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Calix3- + SH <=> Calix4- + SH2 + (38) 
Eqns. 3 5-3 8 can be summarized as follows 
Calixn- + SH <=> Calix(n+ 1 )- + SH2 + 
... Ka(n+l) (39) 
The dissociation constants corresponding to the individual processes are given 
by 
Kal = [Calix-] [SH2 +] I [Calix] (40) 
Ka2 = [Calix2-] [SH2 +] I [Calix-] (41) 
Ka3 = [Calix3-] [SH2 +] I [Calix2-] (42) 
Ka4 = [Calix4-] [SH2 +] I [Calix3-] (43) 
Ka(n+l) (44) 
were determined potentiometrically. In practice, changes in the concentration of SH2 + 
were monitored by measuring the emf generated in the electrochemical cell during the 
potentiometric titration. 
The deprotonation of p-tert-butylcalix[n]arenes (n=4,6,8), [Calix(n)] in 
benzonitrile by the use of tetramethylammonium hydroxyde (TMAH) is illustrated by 
the corresponding potentiometric titration curves shown in Figs. 3.5-3.7. 
As far as the octamer is concerned, the inflection points ( 4) observed in the 
titration curve of p-tert-butylcalix[8]arene are associated with the release of four 
protons and the formation of at least a tetraanion [Calix(8)]4-. However, the titration 
curve for p-tert-butylcalix[6]arene shows two inflection points indicating that two 
protons are successively removed from the cyclic hexamer. Only one inflection point is 
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observed in the titration of p-tert-butylcalix[4]arene which demonstrates that during 
the deprotonation process only the monoanion [Calix( 4)-] is formed. 
The potentiometric data, treated according to the procedure outlined above 
were analyzed using a Miniquad (PC version) program157_ 
Tables 3.6 and 3.7 list pKa values for p-tert-butylcalix[n]arenes (n=4,6,8) in 
benzonitrile at 298.15 K (These are the average of several measurements involving 
errors which are twice the standard deviation of the data) and corresponding Gibbs 
energy data for the dissociation process (eqn. 39). 
The pKa1 values summarized in Tables 3. 6 and 3. 7 suggest that p-tert-
butylcalix[6]arene possesses the most acidic proton whereas the monoanion [Calix( 4)-] 
results to be the strongest monoprotic base. These data reflect that the strength of the 
first dissociation of these macrocycles follows the sequence Calix(6) > Calix(8) > 
Calix( 4). It may be noted that small differences are found in the pKa1 values of the 
hexamer and octamer. 
Likewise, pKa2 values indicate that similar acidities are exhibited by Calix( 6) 
and Calix(8). However, the differences in the pKal and pKa2 values of these 
calixarenes are 3.87 and 2.59 for the hexamer and octamer; respectively. 
Although the potentiometric titration of p-tert-butylcalix[n]arenes (n=4,6) was 
performed up to a titration ratio [TMAH/Calix(n)] = 2.5 (5.25 for the octamer), the 
potential generated in the cell at the final stage of these titrations raised to -660 m V 
(-850 mV for the octamer), (see Figs. 3.5, 3.6 and 3.7). However, only one proton was 
removed from p-tert-butylcalix[ 4 ]arene and two protons from p-tert-
butylcalix[ 6]arene. These results seem to indicate that the second dissociation and 
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Table 3.6 Dissociation constants for the macrocyclic polyanions generated by 
proton abstraction of p-tert-butylcalix[n]arenes (n=4,6,8) and their location on 
the benzonitrile pH-scale at 298.15 K 
Macrocyclic polyanion 
[Calix( 6)arene-] 
[Calix(8)arene-] 
[Calix( 4)arene-] 
[Calix(8)arene2-] 
[Calix( 6)arene2-] 
[Calix(8)arene3-] 
[Calix(8)arene4-] 
Dissociation constants 
K 
17.02 
17.42 
19.33 
20.01 
20.89 
27.0 
30.4 
Table 3. 7 Dissociation constant values (pKa) and Gibbs energy data in kJ mol-l 
for the dissociation processes of p-tert-butylcalix[n]arene (n=4,6,8) 
in benzonitrile at 298.15 K 
Acid pKaa 
p-tert-butylcalix[ 4]arene pKa! 19.33 ± 0.09 110.34 
p-tert-butylcalix[ 6]arene pKaJ 17.02 ± 0.08 97.16 
PKa?. 20.89 ± 0.03 119.25 
p-tert-butylcalix[8]arene pKa] 17.42 ± 0.07 99.44 
PKa2 20.01 ± 0.08 114.24 
PKa3 27.0 154.13 
PKa4 30.4 173.54 
a The pKa values involve errors which are twice the standard deviation of the data 
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consequently, the formation of the bivalent anion in Calix( 4) is weaker than the 
formation of the trivalent anion of the cyclic octamer. Similarly, the generation of the 
trivalent anion of p-tert-butylcalix[ 6]arene IS again weaker than the corresponding 
process for the octamer. 
On these basis it can be concluded that the monoanion [Calix( 4)]-, formed after 
the removal of the first proton of p-tert-butylcalix[ 4]arene is the most stable anionic 
species of the cyclic tetramer, while for Calix( 6) this is the case for the divalent anion. 
As far as p-tert-butylcalix[8]arene is concerned although, [Calix(8)]2- can be formed in 
solution, the tetraanion [Calix(8)]4- is the most stable species for this calixarene in 
solution. This conclusion is consistent with the explanation given on the different 
extent of intramolecular hydrogen bonding attributed to these macrocycles. Thus, 
monodeprotonation of the tetramer is relatively easy due to the efficient stabilization of 
the monoanion by entering hydrogen bond formation with neighbouring phenol units. 
On the other hand, assumming that p-tert-butylcalix[ 6]arene exists in solution in a 
pinched cone conformation (consisting of two cones each one containing three 
phenolic units), the removal of one proton from each fragment produces a doubly 
charged anion, stabilised again by two flanking hydrogen bonds which inhibit further 
dissociation. 
In a similar way, p-tert-butylcalix[8]arene adopting a pleated-loop 
conformation in solution, stabilises the tetraanion (each negative charge interacting via 
hydrogen bond formation) when in the deprotonation process, four OH groups in 
alternating positions are involved. 
The dissociation of various calixarenes has been investigated by several 
groups55,158,159. Thus, Bohmer and coworkers158 estimated the pKa values of 
calix[4]arenes containing a p-nitrophenol unit in the water-methanol (1 :1) solvent 
system at 298 .15 K. They concluded that the p-nitrophenol unit in calix[4]arenes 
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shows nearly the same dissociation behaviour as the linear analog. Shinkai and 
coworkers159 investigating the acidic properties of p-sulphonatocalix[ 4]arene and p-
nitrocalix[ 4]arene in water found that the dissociation of the first proton occurs at a 
very acidic pH region (pKa1 = 1-2. 9) and that a considerable gap exists between the 
pKa values corresponding to the first (1.5) and the second (8.0) dissociations. Latter 
on, the same authors160 estimated pKa values for p-tert-butylcalix[n]arene in 
tetrahydrofuran using p-nitrophenolate, 2,4-dinitrophenolate and picrate (P-) anions. 
For this purpose spectroscopic titrations were carried out. The following processes 
(eqns. 45-47) were considered. 
Calix(n) + p- <=> Calix(n)- + PH 
PH <=> p- + W 
Calix(n) <=> Calix(n)- + H+ 
(45) 
(46) 
(47) 
The results obtained by these workers indicated that the pKa values for these 
macrocycles are lower by at least four pK units relative to p-tert-butylphenol. The first 
dissociation of calixarenes follows the sequence [Calix(6t] > [Calix(8)-] > [Calix( 4)-], 
whereas pKa values for other protonated species could not be determined due to the 
simultaneous release of two to four protons. 
Although pKa values related to the process represented by eqn. 4 7, were 
evaluated from Ka = K 1 K2, Shinkai et a! combined K 1 values measured in THF with 
K2 values determined in water. Therefore, the pKa values reported from this study 
cannot be reliable. Consequently, no useful comparison can be made with these data. 
Even if the acidity of p-tert-butylphenol in benzonitrile was not investigated, · 
the pKa value of phenol in acetonitrile at 298.15 K (pKa = 26.6) reported by 
Coetzee14 7 can be considered as an approximate value for the pKa of the phenolic 
unit in benzonitrile since these solvents exhibit similar acid-base properties. On this 
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assumption, it may be estimated that in benzonitrile the difference in acidity between 
calix[n]arenes (pKa1 = 19.3, 17.0 and 17.4 for calix(4), calix(6) and calix(8); 
respectively) and its monomer unit (PKa = 26.6) would be about 7-8.5 pK units. Such 
difference can be attributed to the conventional hydrogen-bonding interactions m 
calixarenes which facilitate the dissociation of the first proton from a phenol unit. 
3.1.4. The extraction of tert-butylamine by p-tert-butylcalix[S]arene in the 
water-benzonitrile solvent system at 298.15 K 
Before proceeding with the study on the extraction of tert-butylamine by p-tert-
butylcalix[8]arene in the water-benzonitrile solvent system, it was necessary to analyse 
the equilibria constant data for the processes of protonation and dissociation of amines 
and calixarenes; respectively, taking into account that interaction between these two 
species takes place via a proton transfer reaction from the calixarene to the amine. 
Hence, Gibbs energy data for the process given by eqn: 50 were calculated, 
Calix(n)(s) <=> Calix(n)-(s) + H+(s) 
A(s) + H+(s) <=> AH+(s) 
Calix(n)(s) + A(s) <=> AH+(s) + Calix(n)-(s) 
ﾷﾷ ﾷｾ､ｇｏ＠
ﾷﾷ ﾷ ｾａｈｇｏ＠
ﾷﾷＭｾｰｇｏ＠
(48) 
(49) 
(50) 
Thus, ｾｰｇ Ｐ＠ values (see Table 3.8) show that with the exception ofmorpholine 
and (R)-( +)-(a )-methylbenzylamine, all the amines investigated are basic enough to be 
able to remove the proton from p-tert butylcalix[ 6]arene in the following sequence, 
piperazine > 222 > TEA > tert-butylamine > atropine > 22. The same sequence for the 
abstraction of the proton was observed for the case of p-tert-butylcalix[8]arene. 
However, ｾｰｇ Ｐ＠ values are indicating that the basicity of the above amines is not 
strong enough as to remove the proton from the tetramer. 
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Table 3.8 Gibbs energy data (ApGO) in I{J mot-1 for the proton transfer reaction 
fromp-tert-butylcalix[n]arene (n=4,6,8) to amines in benzonitrile at 298.15 I( 
derived from potentiometric data 
Amine Calix[ 4]arene Calix[ 6]arene Calix[8]arene 
Piperazine 4.39 -8.79 -6.51 
Kryptofix 222 5.39 -7.88 -5 .60 
Triethylamine 7,71 -5.48 -3.20 
Kryptofix 22 9.31 -3.88 -1.60 
tert-Butylamine 8.79 -4.39 -2.11 
Atropine 9.25 -3.94 -1.66 
1-Aminoadamantane 12,96 -0.23 2.06 
Morpho line 15.17 2.60 4.28 
R-( + )-a-Methylbenzylamine 18.69 5.48 7.76 
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Based on the above discussion, the extraction of tert-butylamine from aqueous 
solutions by p-tert-butylcalix[8]arene in benzonitrile ( eqn. 51) was investigated. 
(51) 
In order to assess the effect of the cyclic octamer in the extraction process, the 
partition ofthe amine in the water-benzonitrile solvent system (eqn. 52) in the absence 
of calixarene was first considered, 
(52) 
In the determination of the partition constant (Kpt), the hydrolysis of the amine in 
water at 298.15 K (eqn. 53) was assessed, 
(53) 
In equation 53, Kb denotes the basicity constant of tert-butylamine. 
The following expression was used for the calculation of the molar concentration of 
the amine in water, 
[A]H20 (54) 
In eqn. 54, [A]t is the initilal concentration (mol dm-3) of the amine in water. 
Partition data for tert-butylamine in the water-benzonitrile solvent system were 
obtained using different initial concentrations of the amine in the aqueous phase. A plot 
of [A]BN against [A]H2o is shown in Fig. 3.8. A linear relationship is found. The slope 
of this line yields the partition constant, Kpt (eqn. 52). AKpt value of0.494 was 
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obtained for the partition of tert-butyl amine in the water-benzonitrile solvent system at 
298.15 K. 
On the other hand, the individual steps which contribute to the partition of the 
amine in the presence of p-tert-butylcalix[8]arene in the organic phase are summarized 
in the following scheme. 
Kp Ka 
A(BN) + Calix(BN) <=> AH+ + Calix-(BN) <=> [ AH+Calix-](BN) 
t ｾｋｰｴ＠ Kb 
A(H20) <=> AH+CH20) + OH-(H20) 
Scheme 3.1. Extraction of amines from water to benzonitrile by p-tert-
butylcalix[8] a rene. 
where Kp is the equilibrium constant for the proton transfer reaction from the 
calixarene to the amine and Ka is the ion-pair formation constant. Therefore, the 
extraction constant (Kex) for the process represented by eqn. 51 is defined by 
Kex = a AH+Calix-(BN) 1 a A(H20) aCalix(BN) (55) 
Assuming that the activity coefficients of the neutral species ( calixarene and amine) and 
that for the ion-pair are equal to unity, eqn. 55 can be expressed in terms of molar 
concentrations. Thus, 
Kex = [AH+Calix-](BN) I [Calix](BN) [A](H20) (56) 
The equilibrium concentrations of the ion-pair, AH+Calix- and [Calix] m the 
benzonitrile phase were calculated from eqns. 57 and 58; respectively, 
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(57) 
[Calix]BN = [CalixJi- [AH+Calix-]BN (58) 
In eqn. 58 [CalixJi, denotes the initial concentration of calixarene in the organic phase. 
A plot of [AH+Calix-]BN/[A]H2o against [Calix]BN (derived from eqn. 56) gives a 
straight line (Fig. 3. 9). The slope of this line yields the extraction constant (Kex = 
2219) for the process represented by eqn. 51. 
Taking into account that, 
(59) 
By inserting the appropiate values for Kex and Kpt (given above) and the Kp value for 
tert-butylamine and p-tert-butylcalix[8]arene (2.343), the ion-pair formation constant, 
Ka (see Scheme 3.1) was calculated (Ka = 1917). 
Table 3. 9 summarises equilibria data obtained in this investigation and those previously 
reported by Danil de Namor and coworkers29 for the same process derived from 
experimental data for the individual processes. It may be correctly argued that, in an 
extraction process the two solvents involved are mutually saturated (this work) and 
therefore, transfer data which are referred to the pure solvents (Danil de Namor et 
a[29) may differ from partition data. However, agreement is generally found for those 
systems in which the organic phase is constituted by a solvent which isimmiscible with 
water. This statement is further corroborated by the results shown in Table 3. 9. Further 
evidence of the reliability of the data reported in this table is shown by the agreement 
found between the log Kb value (10.6) reported in the literature for tert-butylamine in 
water at 298.15 I( and the value of 10.4 obtained in this investigation. This value was 
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calculated from the slope of the linear plot of ([A]i ·- [A]8 N) I [A]sN against [A]-IhBN 
shown in Fig. 3.1 0, using partition data. 
The extraction data (Table 3. 9) show that tert-butylamine is favourably 
transferred to the organic phase in the presence of the octamer by a factor of 
(KextiKpt) of 4491 relative to the partition process in the absence of the macrocycle 
since LlextG0 < LlptG0 . Although these data show that the contribution from the 
proton transfer reaction (.1.pG0 ) to the extraction process (LlextG0 ) is smaller than that 
of the ion-pair process (.1.aGO), the basicity of the amine is an important factor to 
consider since the acid-base properties of both, calixarene and amine play a key role in 
the extraction process. Thus, an efficient extraction requires that the Gibbs energy 
associated with the proton transfer reaction (l\pGO) should be favourable (negative 
values) 
Having considered the interaction of parent calixarenes and neutral spectes 
( amines) and following the research program outlined in the introduction of this thesis, 
the synthesis of ethyl p-tert-butylcalix[n]arenes (n=4,6,8) ethanoates and their 
interactions with metal cations in acetonitrile and benzonitrile are now discussed. 
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Table 3.9 Equilibria data for the extraction ｰｮｾ｣･ｳｳ＠ of tert-butylamine by p-tert-
butylcalix[S]arene in the water-benzonitrilc solvent system at 298.15 K 
Process K IogK !1G0 I kJ moJ-l 
Partition Kpl> 0.494 -0 .31 1.77 
Extraction Kex, 2218.6 3.35 -19. 13 
Proton transfer Kp, 2.34 0 .37 -2 . 11 
Ion-pair formation Ka, 1917.3 3.28 -18 .74 
Dissociation Calix Kaf, 3.80x to-18 -17.42 99.45 
Amine Protonation KA!f, 6.l7xlol7 17.79 - 101 .56 
Values in brackets are taking from Ref 29 
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3.2. SYNTHESIS OF ETHYL p-tert-BUTYLCALIX[nJARENES (n=4,6,8) 
ETHANOATES. INTERACTION WITH METAL CATIONS IN 
ACETONITRILE AND BENZONITRILE AT 298.15 K 
As it was discussed in section 1.8.2, alkyl p-tert-butylcalix[4]arene 
tetraethanoates are important calixarene derivatives due to a) their ability to interact 
with metal cations b) their use as starting materials for a number of reactions. 
The methodology currently employed in the preparation of alkyl p-tert-
butylcalix[n]arene esters (n=4,6,8), requires the use of excess amounts of base or 
electrophilic agent or both; anhydrous organic solvents, in some cases long period 
(several days) for their preparation and further experimental treatment in their 
purification. Therefore, it was considered relevant to investigate the use of an 
alternative method which can offer advantages with respect to the synthetic procedures 
currently used. 
The use of phase transfer catalysts in the synthesis of calixarene ester 
derivatives has not been previously considered and therefore, the use of crown ethers 
as phase transfer catalysts in the synthesis of ethyl p-tert-butylcalix[n]arene esters 
(n=4,6,8) was investigated as a new approach for their synthesis. Therefore, results and 
discussion will be focused on the following, 
3 .2.1 . Solid-liquid phase transfer catalysis as an approach for the esterification of 
calixarenes. 
3 .2.2. Potentiometric determination of the stability constant, Ks of ethyl p-tert-
butylcalix[4]arene tetraethanoate and sodium in acetonitrile at 298.15 K. 
3 .2. 3. Extraction of alkali-metal pi crates from water to benzonitrile using ethyl p-tert-
butylcalix[ 4 ]arene tetraethanoate at 298 .15 K. 
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3.2.1. Solid-liquid phase transfer catalysis as an approach for the 
esterification of calixarenes 
Ethyl p-tert-butylcalix[n]arene (n = 4,6,8) esters were prepared following the 
procedure detailed in the experimental part of this thesis. The following scheme 
illustrates the synthetic procedure used, 
I<2C03 I 18-Crown-6 
CalixOH + BrCH2COOEt -------------------------------• CalixOCHzCOOEt (60) 
AN, 70 oc, 2h 
Experimental details and the yields obtained in the preparation of calixarenes esters by 
the use of 18-crown-6 as the phase transfer catalyst are given in Table 3.10. 
Taking into account the principles of solid-liquid phase transfer catalysis 
phenomena, it was considered that calixarene, bromoethyl acetate and acetonitrile form 
the organic liquid phase, while the anhydrous potassium carbonate, which is suspended 
in the liquid phase, constitutes the solid phase. The reaction is catalyzed by 18-crown-6 
(dicyclohexane-18-crown-6 or dibenzo-18-crown-6 can also be used). In this case, the 
function of the catalyst starts with the complexing process between the crown ether 
and the alkali-metal cation (potassium) forming a new entity which is soluble in the 
organic phase. This phenomenon is simultaneously accomplished with the proton 
abstraction from the calixarene, which takes place on the surface of the solid 
carbonate. Thus, the calixaryl monoanion formed interacts with the alkali metal 
coronand complex forming a weak soluble ion-pair, leaving the deprotonated 
calixarene unprotected. Consequently, the nucleophilic displacement performed on the 
substrate facilitates the introduction of the alkylating agent. 
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Table 3.10 Experimental conditions used for the preparation of ethyl p-tert-
butycalix[n]arene(n=4,6,8) esters by phase transfer catalysis (PTC) 
Ester Calix/g XR/g KzC03/g 18C6/g AN/ml t/h T/°C yield/% 
L-1 
L-2 
L-3 
1.625 
1.625 
1.625 
2.0 
2.0 
2.0 
1.659 
1.659 
1.659 
0.10 
0.10 
0.10 
50 
50 
50 
XR=BrCH2COOEt, 18C6=18-crown-6, AN=acetonitrile. 
2 
2 
2 
70 
70 
70 
89 
99 
91 
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In the preparative method, a sequential stepwise mechanism is assumed to take 
place involving the following processes, 
i) Activation of the base by effect of the catalyst (complexation of alkali-metal cation 
by the crown ether) 
K2C03(sol) + Crown(org) ｾ＠ [Kcrown]+(org) + C032-(sol) 
where, sol denotes solid 
ii) Proton abstraction and ion-pair formation, 
CalixOH(org) + C032-(sol) ｾ＠ CalixO-(org) + C02(g) + H20 
[Kcrown]+(org) + CalixO-(org) <=> [Kcrown+calixO-J(org) 
iii) Nucleophilic displacement and catalysis stripping process, 
[Kcrown+calixO-]( org) + BrCH2COOEt( org) <=> 
CalixOCH2COOEt( org) + Crown( org) + KBr(sol) 
(61) 
(62) 
(63) 
(64) 
A comparative analysis between the experimental conditions and the results 
obtained by the use of phase transfer catalysts and the methods currently used in the 
preparation of esters of calixarenes10,25,31,42,90,96 (see Tables 3.10 and 3.11) leads 
to emphasise the advantages of this procedure to existing synthetic methods. Thus, 
a) The method is highly effective for the preparation of calixarene ester derivatives since 
the products afforded in good yields, are obtained in a pure form and not as a mixture 
of conformers or partially substituted calixarenes. 
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b) Exhaustive esterification can be achieved in a short time. Thin layer chromatography 
(TLC) has shown that after a reaction period of two hours, the presence of calixarene 
on the precoated silica gel plate is not observed. 
c) Chemicals are used as purchased 
d) Inorganic salts (base) and alkylating agent are employed in equivalent quantities 
with respect to the phenolic units of the parent calixarene. 
e) The use of potassium carbonate, a standard mild base eliminates the difficulties 
exhibited by other bases such as NaH, NaNH2 and K tert-BuO whose use requires 
hazardous and expensive reactants and anhydrous organic solvents. 
f) Processes such as flash chromatography or distillation for the isolation of the 
product are not required. 
g) Although the yields obtained are similar to those reported by McKervey et af25, the 
time of preparation is greatly reduced (exhaustive esterification is achieved in a short 
time, TLC shows that after a period of two hours, there is not calixarene on the 
precoated silica gel plate). In addition, the purity of the compound is such that 
recrystallization is not required. 
The above comments are corroborated by comparative inspection of 
experimental data presented in Table 3.11 
In Table 3 .12, 1 H NMR spectral data of p-tert-butylcalix[ n ]arene esters 
derivatives (n=4,6,8) (L-1, L-2 and L-3) in CDCl3 obtained by the use of a phase 
transfer catalyst, are compared with those previously reported in the literature for these 
compounds25,42. Figs. 3 .11, 3, 12 and 3. 13 show 1 H NMR spectra of L-1, L-2 and 
L-3; respectively. 
On the basis of the results obtained in the present work, it can be concluded· 
that the use of crown ethers as phase transfer catalysts in the synthesis of calixarene 
ester 
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Results and Discussion 
derivatives provide a new and efficient technique for the synthesis of these 
macro cycles. 
Finally, the successful modification introduced for the synthesis of calixarene 
esters leads to an evaluation of the experimental conditions and consequently, a 
mechanism is proposed on the assumption that exhaustive 0-derivatization takes place 
in a sequential stepwise process of deprotonation, ion-pair formation followed by a 
nucleophilic displacement under the catalytic control of 18-crown-6. Thus, the strength 
of the base (K2C03) is enhanced by the catalytic effect of the polyether. 
Therefore, proton abstraction from the calixarene is efficiently performed and 
the "protective-active" effect developed by the potassium crown complex (Kcrown+) 
on the "phenoxide anion" (Calix-) promotes an adequate nucleophilic displacement on 
the "alkylating substrate" (BrCH2COOEt). 
Taking into account the acid-base properties of acetonitrile (log Ks > 32), this 
solvent was used in the synthesis. It is thought that p-tert-butylcalixarenes being weak 
｡｣ｩ､ｳＨｾ＠ pKa between the first and the second ionizations larger than 7 pKa units) (see 
results on pKa of calixarenes in benzonitrile, sec. 3.1.3) and the fact that potassium 
carbonate is not a strong enough base, full deprotonation of calixarene is unlikely to 
take place in an exhaustive 0-alkylation process. Then, polyanions such as Calix2-, 
Calix3- and Calix4- are unlikely to form. Therefore, it should be expected that 
derivatization of calixarenes may occur in a sequential stepwise process by monoanion 
formation and subsequent monoalkylation. 
The above statement is illustrated in the following scheme 
Calix + Base <=> Calix-
Calix- + RX <=> RCalix 
monoanion formation 
monoderivatization 
(65) 
(66) 
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RCalix + Base <=> RCalix- mortoanion formation (67) 
RCalix- + RX <=> R2Calix diderivatization (68) 
R2Calix + Base <=> R2Calix- monoanion formation (69) 
R2Calix- + RX <=> R3Calix triderivatization (70) 
R3Calix + Base <=> R3Calix- monoanion formation (71) 
R3Calix- + RX <=> R4Calix tetraderivatization (72) 
Calix + 4 Base + 4RX <=> ｾｃ｡ｬｩｸ＠ (73) 
where, Base, RX and RCalix denote K2C03, BrCH2COOEt and the calixarene ester 
derivative; respectively. 
In this scheme, eqn. 73 represents the overall exhaustive process of 
esterification. 
Within this context, the mechanism proposed by Neri161 can be applied. On 
the other hand, the metal template discussed by Shinkai90,96 in 0 -alkylation reactions 
is for obvious reasons not applicable in phase transfer catalysis. 
Finally, attempts to achieve partial esterification on p-tert-butylcalix[ 4] arene by 
phase transfer catalysis were made. In order to test it, equimolecular amounts of 
reactants were used. Ratios of calixarene, base and alkyl substituent were 1:0.25:0.25 
(monosubstitution); 1:0.50:0.50 ( disubstitution) and: 1:0.75:0.75 (trisubstitution); 
respectively. Although the final products were not isolated, TLC analysis demonstrated 
the appearance of these derivatives in the final reaction medium. Further research is 
required in order to isolate the products. 
Once a modified process for the synthesis of calixarene esters was established, 
efforts were made to determine the stability constant of ethyl p-tert-butylcalix[ 4]arene 
tetraethanoate and the sodium cation in acetonitrile at 298.15 K. There is discrepancy 
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between the data reported in the literature25 and this is discussed in the following 
section. 
3.2.2. Potentiometric determination of the stability constant ＨｋｾＩ＠ of ethyl p-
tert-butylcalix[4]arene tetraethanoate (L-1) and sodium in acetonitrile at 
298.15 K 
Although stability constants of alkali-metal cations and calixarene esters in 
acetonitrile at 298.15 K have been reported, there are some discrepancies between the 
values reported by Arnaud et af25 and Danil de Namor et afl05,109,110 for sodium 
and ethyl p-tert-butylcalix[ 4 ]arene tetraethanoate in acetonitrile at 298 .15 I<. 
Therefore, the following section discusses the data for this system obtained by the use 
of ion-selective electrodes. 
Considering that the concentration of free-metal cation in solution, containing 
the appropriate metal cation and ligand, depends on the stability constant of the system 
under consideration, the equilibrium constant for the complexation process of sodium 
and the calixarene ester derivative can be evaluated from changes in potential (emf) of 
an ion-selective electrode. 
The potential behaviour of ion-selective electrodes, depends on the activities of 
the ionic species for which the electrode is selective as shown by the N ernst equation 
(74) 
where EM is the electrode potential and £0 is the standard electrode potential. Other 
terms in eqn. 7 4 have been described in section 3 .1.1. 
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The activity of the metal ion is related to the metal concentration by the 
expression 
(75) 
In eqn. 75, [M+] and y± are the molar concentration and the mean molar activity 
coefficient of the metal cation; respectively. 
The electrode potential is related to the cell potential by 
Ecell = EM( red)- Eref (76) 
The complexation of the calixarene ester derivative (L) and the sodium cation (M+) in 
acetonitrile (AN) may be represented by 
M+ (AN) + L(AN) <=> :ML +(AN) ... Ks (77) 
where, Ks is the thermodynamic stability constant defined by 
(78) 
or 
(79) 
The activity coefficient for the ligand (neutral species) on the molar scale is considered 
to be equal to 1. It is also assumed that r±M+ = y±rvfL + and therefore, Ks, expressed 
in terms of concentrations ( eqn. 80) is considered to be approximately equal to the 
thermodynamic equilibrium constant. 
(80) 
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The electrochemical cell described in the experimental part [2.2.5 ii)] indicates 
that the system under study is at constant ionic strength, where no appreciable changes 
in activity coeeficients are expected. Under such conditions, the emf of the cell given 
by the Nernst equation can be expressed as follows, 
Ecell = E0 cell + 2.303 RT/F log aM+ (81) 
Substituting 2.303 RT/F by its numerical value (which was evaluated from 
experimental data) at 298.15 K, it follows that 
(82) 
where Ecell and E0 cell are the emf and standard emf of the electrochemical cell 
expressed on the mV scale. Considering that, paM+ = - log aM+, eqn. 82 can be 
rearranged as follows, 
(83) \ 
Eqn. 83 was used for the calculation of the equilibrium metal-ion activity as a function 
of the measured potential of the cell. 
This equation shows that such calculation requires data for E0 . This value is 
given in Table 3. 13 as the average of several measurements involving errors which are 
twice the standard deviation of the data (E0 cell = 47.34 ± 0.10 mV) 
The ｾｾ･ｲｮｳｴｩ｡ｮ＠ response of the electrochemical cell was assessed from a plot of 
the measured emf of the cell (Ecell) against log aM+ (see Fig. 3.14) which resulted 
to be linear in the concentration range of5x1o-9 to 2xio-3 mol dm-3. Thus, 
152 
-V1 
VJ 
Table 3.13. Experimental data for the calculation of the stability constant (log Ks) of sodium and 
ethyl p-ten-butylcalix[4]arene tetraethanoate (L-1) in acetonitrile at 298.15 K 
V(NaCl04)/cm3 Emeas Lmy_ ___ Ｎｾｾｭｖ＠ paM+ log [ML +]I [L] ｾＭＭＭ _jQglS_'l 
0.674 -426.0 8.014 0.0115 8.026 
0.770 -420.0 7.912 0.1383 8.050 
0.866 -415.0 
0.962 -407.0 
1.058 -398.5 
1.155 -387.0 
1.251 -366.0 
2.887 -129.6 47.34 
2.983 -128. 1 47.37 
3.080 -126.8 47.25 
3.176 -125.5 47.25 
3.272 -124 .2 47.31 
3.368 -123.0 47.39 
3.465 -121.9 47.31 
3.561 -120.9 47.34 
3.657 -119.8 47.34 
7.828 
7.692 
7.548 
7.354 
7.000 
ED cell 
log K_,. 
0.2643 
0.4182 
0.5914 
0.8198 
1.2013 
47.34 ± 0.10 
8. 11 ± 0.12 
8.092 
8.110 
8.139 
8.173 
8.201 
:;:;:, 
ｾ＠
V: 
ｾ＠
"" ｾ＠
ｾ＠
10 
;:--. 
rs 
::: 
ｾ ﾭg 
Results and Discussion 
RT/F = 59.1 mV and E0 cell = 47.34 mV were obtained from the intercept and the 
slope of the straight line; respectively. Taking into account eqns. 80 and 83, the 
stability constant for the interaction of the sodium cation and the calixarene ester 
derivative (L-1) in acetonitrile was obtained from 
(84) 
In practice, the log K8 value for each titration point recorded before the end point of 
the titration curve (Fig. 3 .15) was calculated from the relationship 
(85) 
where, [NaCl04] and [L]i denote molar concentrations of the titrant solution and the 
initial calixarene ester derivative; respectively. [L]i was determined by the non-linear 
interpolation method139. The volume of the titrant solution at the end point of the 
titration curve and its corresponding concentration were used to determine the 
stoichiometry of the recti on, which resulted to be 1: 1. 
Stability constant data for ethyl p-tert-butylcalix[ 4 ]arene tetraethanoate (L-1) 
and sodium in acetonitrile at 298.15 I< determined in the present investigation are 
reported in Table 3.13, whereas those obtained by the use of different methods are 
shown in Table 3.14. 
Although different methods have been used for the determination of stability 
constant values for the interaction of sodium and ethyl p-tert-butylcalix[ 4 ]arene 
tetraethanoate in the same solvent, appreciable differences in the log K8 values are 
observed in the data reported in Table 3 .14. 
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-350 
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R2 = 0.9996 
202_82 
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-125 --
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-128 -
Fig. 3.14. Calibration curve for the electrochemical cell used in the 
determination of stability constant of sodium and ethyl p-tert-
butycalix[4]arene tetraethanoate in acetonitrile at 298.15 K 
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Fig. 3.15. Potentiometric titration curve of ethyl p-tert-butylcalix[4]arene 
tetraethanoate and sodium perchlorate at 298.15 K 
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Table 3.14 Stability constant data for the interaction of sodium-and ethyl p-tert-
butylcalix[4]arene tetraethanoate in various solvents (s) at 298.15 K, obtained by 
the use of different methods 
W(s) + L(s) <=> WL(s) (77) 
Solvent method logKs Reference 
Methanol UV -spectrophotometry 5.0 25 
Benzonitrile microcalorimetry 5.51 105 
Benzonitrile conductimetry 6.16 105 
Benzonitrile potentiometry ( Ag +) 7.57 110 
Acetonitrile UV -spectrophotometry 5.8 25 
Acetonitrile conductimetry 7.82 105 
Acetonitrile potentiometry ( Ag +) 7.53 110 
Acetonitrile potentiometry (ISE) 8.11 this work 
(Ag+, double competitive potentiometric method); (ISE, ion-selective electrode) 
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Since the calix[4]arene ester derivative forms highly stable complexes with 
alkali-metal cations such as sodium and lithium, the selection of an appropriate method 
for the determination of stability constant values is an important factor to consider 
since the suitability of the method for a given complexation process depends on the 
magnitude of the stability constant. 
It is well stablished that the use of methods for the determination of stability 
constants such as UV -spectrophotometry, calorimetry and conductimetry are limited to 
log Ks values between 2-5, 1-6 and approximately 2-6; respectively. Stability constant 
data determined by use of these methods reported in Table 3.14 result to be less 
reliable than those determined from potentiometric measurements which are dependent 
upon the logarithm of activities. Potentiometry has resulted to be the most sensitive 
methodology for the determination of log Ks values even in cases in which competitive 
processes are involved. 
The use of direct potentiometry undoubtedly leads to more accurate data than 
the use of a double-competitive process in which several steps are required to derive 
the data, although the latter technique is more versatile than the former. 
Therefore, the stability constant value determined by potentiometric titration 
measurements using the sodium ion-selective electrode (log Ks = 8.11) is in good 
agreement with that obtained by the double competitive potentiometric titration 
measurements using silver electrodes (log Ks = 7.53)110_ 
However, either directly or indirectly, potentiometry offers the best available 
methodology for the determination of stability constant values of highly stable 
complexes. However, when these cannot be performed, extraction processes may be 
used as an alternative methodology for the determination of stability constant data. An 
illustrative example is discussed in the following section. 
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3.2.3. Extraction of alkali-metal picrates from water to benzonitrile using 
ethyl p-tert-butylcalix[4]arene tetraethanoate (L-1) at 298.15 K 
Although there are several reports on the extraction of metal cations by 
calixarene ester derivativesl0,25,42,86,93, little is known about the individual steps 
which contribute to the selective extraction of alkali metal cations by these 
macrocycles. The following is a discussion about the approach taken in this thesis to 
determine the various steps which participate in the overall extraction of metal cations 
by calixarene esters. 
The binding properties of calixarene ester derivatives toward alkali-metal 
cations have been studied from extraction experiments in the presence (extraction) and 
in the absence (partition) of calixarenes. These were carried out in the water-
benzonitrile solvent system at 298.15 K using picrates as the counter ions. Thus, the 
partition of alkali-metal picrates in the water-benzonitrile solvent system is now 
djscussed, 
3.2.3.1. Partition of alkali-metal picrates in the water-benzonitrile solvent system. 
The following scheme was assumed and used to describe the partitioning 
process of alkali-metal pi crates in the water-benzonitrile solvent system 
Ka 
W(BN) + Pic-(BN) <=> M+Pic-(BN) 
ｴｾｋｰｴ＠
M+(H20) + Pic-(H20) 
in which two individual processes can be distinguished and these are described as 
follows, 
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a) Partition of the electrolyte (M+ + Pic-) (dissociated) in the water-organic phase 
(86) 
where Kpb the partition constant is defined by 
(87) 
b) Ion-pair formation between the cation (W) and the .anion (Pic-) in the organic 
phase (BN), 
... Ka (88) 
where Ka, the ion-pair formation constant is given by 
(89) 
The distribution of an alkali-metal salt between water (dissociated) and organic phase 
(BN) (associated) is described by 
(90) 
where Kd, the distribution constant is defined by 
(91) 
This equation summarizes the individual processes represented by eqns. 86 and 88. 
Therefore, Kd can be defined by 
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(92) 
In practice, distribution ratios (DM) were used to evaluate the individual 
processes involved in · the partition of alkali-metal pi crates in the water-benzonitrile 
solvent system. These were calculated from eqn. 93 
(93) 
where, CM+ represents the total concentration of the metal cation in each phase at the 
equilibrium. 
Based on mass balances and electroneutrality, the following equations are derived 
DM = Dpic- = { [Pic-](BN) + [M+Pic-](BN)} I [Pic-](H20) 
Dpic- = Kptlh (BN) + Ka Kptlh [Pic-](BN) 
(94) 
(95) 
If the individual processes (represented by the equilibrium constants Kpt and 
Ka) considered in the partition of an alkali-metal picrate salt in this solvent system are 
valid, a plot of Dpic- against [Pic-](BN) ( eqn. 95) should give a straight line with a 
slope equal to Ka Kptlh and an intercept equal to Kp11h. Consequently, the association 
constant can be estimated, either using eqn. 92 or from eqn. 96 
Ka = slope I intercept (96) 
An illustrative example is given in Fig. 3 .16, which is a plot of Dpic- against [Pic-](BN) 
for the Li+ picrate salt using the water-benzonitrile solvent system at 298.15 K. 
Except for caesium picrate, excellent straight lines were obtained as reflected 
by the regression coeeficients (R) which are higher than 0. 97 5. In Table 3 .15, log Kpt 
( eqn. 87), log Ka ( eqn. 89) and log Kd ( eqn. 91) data are reported. Derived Gibbs 
energy data for each process are listed in Table 3 .16 
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0.195 -
0.185 -
0.175 --
0.165 -
0.155 
0.145 --
DPic- = 0.1403 296.16 [Pic"](BN) 
R = 0.975 
• 
• 
0.135 -1-------+--------t--------t-------i 
-3 2 12 17 
Fig. 3.16. Plot of DPicw against [Pic-](BN)t obtained from partition data of LiPic in 
the water-benzonitrile solvent system at 298.15 K 
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Table 3.15. Equilibria data for the individual processes involved in the 
distribution of all{ali-metal pi crates in the water-benzonitrile solvent system at 
298.15 K 
System logKpt logKa IogKd Ra Ka!Kp 
LiPic -1.71 3.32 1.62 0.975 1.071x105 
NaPic -0.35 2.89 2.54 0.989 1.742x1o3 
KPic -0.14 2.69 2.55 0.991 6.626x1o2 
RbPic 0.18 2.55 2.74 0.979 2.329x1o2 
CsPic -1.55 1.45 -0.09 0.149 9.958x1o2 
aR = regression coefficient 
Table 3.16. Gibbs energy data in kJ moi-l for the individual processes involved 
in the distribution of all{ali-metal picrates in the water-benzonitrile solvent 
system at 298.15 I{ 
System ｾｰｴｇｏ＠ ｾ｡ｇｏ＠ ｾ､ｇｏ＠
LiPic 9.76(35.64)a -18.95 -9.25 
NaPic 2.00(21.55) -16.50 -14.50 
KPic 0.80(18.91) -15.36 -14.56 
RbPic -1.03(15.65) -14.56 -15.64 
CsPic 8.85(13.34) -8.28 0.51 
avalues between brackets are taken from Ref. 134 
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It is clear from eqn. 92 that both processes ( eqns. 86 and 88) contribute to the 
distribution of the metal-ion salt between the two phases. 
Thus, the data reported in Tables 3 .15 and 3 .16 indicate that the predominant 
species in the organic phase are ion-pairs rather than ions as reflected by the 
differences observed between the .1dG0 and .1ptG0 values. Indeed, for all metal-ion 
picrates considered Kd > Kpt- Consequently, the ion-pair formation process (Ka) 
makes a favourable contribution to the distribution of the metal cation in the organic 
phase. 
Among the alkali-metal picrates, the rubidium salt is most favourable 
transferred to the organic phase. It is interesting to compare partition data for these 
electrolytes in the water -benzonitrile solvent system (referred to the process in which 
the two solvents are mutually saturated) with transfer data (pure solvents) for the same 
electrolytes from water to benzonitrile. The values derived from single-ion Gibbs 
energies based on the Ph4AsPh4B convention are included in Table 3.16 (values 
between brackets). Although for Li+ to Rb+ the sequence observed in .1tG0 and 
.1ptGO is the same, the results quite clearly show that despite the low mutual solubility 
of the solvents involved (water and benzonitrile) the presence of small quantities of 
water in the organic phase favours the electrolyte transfer from water to benzonitrile 
(mutually saturated). However, the result for CsPic seem to indicate that for the largest 
cation, the difference between .1tGO and .1ptGO is not appreciable. This observation 
leads to the suggestion that these entities may be transferred to the organic phase either 
totally or partially hydrated. The results clearly indicate that in moving from Li+ to 
Rb + there is a definite size effect reflected in both, the transfer and partition Gibbs 
energies. As far as ion-pair formation constants are concerned aKa value of 2019 
(log Ka = 3.30) has been determined for sodium picrate in benzonitrile at 298.15 K 
using conductance measurements. The data shown in Table 3.15 is slightly lower 
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(log Ka = 2. 89) which is expected since the former is referred to the pure solvent while 
in the latter a water saturated solvent was used. 
3.2.3.2. Extraction of alkali-metal pi crates from water to benzonitrile by ethyl p-
tert-butylcalix[4]arene tetraethanoate at 298.15 K. 
It was demonstrated in the preceding discussion that in benzonitrile, alkali-
metal picrates are present as ions and ion-pairs as reflected in the data shown in Tables 
3.15 and 3 .16. Considering that the partition of the dissociated electrolyte (Kpt) in the 
water-benzonitrile solvent system is relatively small compared with the ion-pair process 
(Ka) taking place in the organic phase, the extraction of alkali-metal picrates (M+ + 
Pic-) from aqueous solutions to benzonitrile in the presence of ethyl p-tert-
butylcalix[ 4] arene tetraethanoate (L) was investigated in order to assess the effect of 
the macrocycle on the partition of these electrolytes in this solvent system. In order to 
do so, two processes were considered and these are illustrated in Schemes 3,2 and 3.3. 
Scheme 3.2. 
K's 
W(BN) + Pic-(BN) + L(BN) <=> M+L Pic-(BN) 
t ..l-Kpt 
M+(H20) + Pic-(H20) 
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Scheme 3.3 
Ka K"s 
M+(BN) + Pic-(BN) <=> M+Pic-(BN) + L(BN) <=> M+L Pic-(BN) 
t-!- Kpt 
M+(H20) + Pic-(H20) 
Taking into account the equilibria represented in both schemes, the individual 
processes represented by Kpt and Ka are identical to those observed in the partition 
process in the absence of ligand. However, the presence of calixarene ester in the 
organic phase leads to two possible processes which can be discussed as follows, 
a) The formation of the metal-ion complex salt (K's) as an ion-pair in the organic phase 
involving the metal-ion picrate in its ionic form and the ligand ( eqn. 97) 
.. . K's (97) 
where K's is defined in terms of molar concentrations as, 
(98) 
b) The formation of the metal-ion complex salt (K"s) as ion-pair in the organic phase 
involving the metal-ion picrate also as ion-pair and the ligand ( eqn. 99) 
... K"s (99) 
where K"s is given by 
(100) 
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In both cases, the overall extraction equilibria for the alkali-metal-calixarene ester 
system in water-benzonitrile is represented by 
.. . Kex (101) 
where Kex' the equilibrium extraction constant is defined by eqn. 102 
(102) 
This eqn. summarises the individual processes shown in Scheme 3.2 ( eqns. 86 and 97) 
and Scheme 3.3 ( eqns. 86; 88 and 99). Therefore, Kex can be defined as 
Kex = Kpt K's = Kpt Ka K"s (103) 
K' = K K" s a s (104) 
(105) 
Following the same approach used in the partition of alkali-metal pi crates in the 
water-benzonitrile solvent system, distribution ratios (DM) determined from partition 
experiments in the presence of ligand, were used to estimate the percentages of 
extraction of metal-ion picrates extracted into the organic phase (%E). These were 
plotted against [ligand]/[ metal] ratio concentration and a linear relationship is obtained 
which changes gradient at a [ligand]/[ metal] ratio concentration equal to unity. The 
intercept of these two lines defines the stoichiometric coefficient of the reaction. 
Fig. 3.17 illustrates the plots obtained in the extraction of alkali-metal picrates (Li+, 
Na+, K+, Rb+) from aqueous solutions by the calixarene ester. 
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In order to derive Kd and Kex values, based on mass balance and 
electroneutrality, the following expressions are obtained, 
Dpic- (106) 
(107) 
where [L ](BN) was calculated from 
[L](BN) (108) 
In eqn. 108, CL i and Cpic- i denote initial concentrations (mol dm-3) of ligand and 
) ) 
picrate in benzonitrile and water; respectively. 
If the assumptions regarding extraction equilibria involving the individual 
processes represented in Scheme 3.2 (eqns. 86, 97) and Scheme 3.3 ( eqns. 86, 88 and 
99) are valid, a plot of {DPic- I [Pic-](H20)} against [L](BN) (eqn. 107) should give a 
straight line from which Kd (slope) and Kex (intercept) can be estimated. 
A representative example for the extraction of lithium picrate by ethyl p-tert-
. butylcalix[4]arene tetraethanoate from water to benzonitrile is shown in Fig. 3.18. As 
can be seen a plot of {DPic- I [Pic-](H20)} against [L](BN) (eqn. 107) is linear 
In Table 3.17, regression coefficients are given for Li+, Na+ and K+ which 
show that excellent straight lines were obtained for these alkali-metal salts. Also 
included in this Table are Kd and Kex values. 
There is an excellent agreement between the Kd values obtained from partition 
experiments in the presence (Table 3 .17) and in the absence(Table 3 .15) of the 
calixarene derivative. The data show that these cations are selectively extracted in the 
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organic phase following the sequence Na+>K+>Li+. However, this selectivity order 
cannot be attributed to the presence of the calixarene since this sequence is also 
observed in the Kd values. The question to be asked is, what is the contribution of the 
calixarene ester in the benzonitrile phase to the extraction of alkali-metal pi crates from 
aqueous solutions? 
In order to answer this question in quantitative terms, the Kexl Kd ratio for a particular 
metal cation is taken. The results indicate that the presence of the calixarene ester in 
the organic phase enhances the extraction of lithium, sodium and potassium by factors 
of 18x103, 190x103 and 5.3x103; respectively. 
The second question to answer is what is the effect of the calixarene ester on the 
selective extraction of these cations from water to the organic phase?. An answer to 
this question can be quantified by taken the selectivity factor in the absence 
{ S=Kd(Na+)/Kd(Li+)=8.2; S=Kd(Na+)/Kd(K+)=1.1} and in the presence of calixarene 
{S=KexCNa+)fKex(Li+)=89.2; S=Kex(Na+)fKex(K+)=39.2}. It is evident from these 
results that the presence of calixarene in the organic phase has improved the selectivity 
ofNa+ by factors of 11 and 36 relative to lithium and potassium; respectively. 
Availability of Kd and Kex' allows the calculation of K"s since these can be 
estimated either using eqn. 105 or from eqn. 109 
K"s = slope I intercept 109 
Taking into account eqn. I 04, K's can also be derived. Thus, equilibria constant data 
for the individual processes (log Kd, log K's, log K"s and log Kex) which are believed 
to contribute to the overall extraction of alkali-metal picrates from aqueous solutions 
by ethyl p-tert-butylcalix[4]arene tetraethanoate are summarized in Table 3.18. 
Derived Gibbs energies for these processes are listed in Table 3 .19. 
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Table 3.17. Kd and Kex data determined from plots of {DPic-/[Pic-](H20)} against 
[L](BN) ( eqn. 107) in the extraction of alkali-metal pi crates by ethyl p-tert-
butylcalix[4]arene tetraethanoate in the water-benzonitrile solvent system at 
298.15 I( 
System Kd logKd Kex log Kex Ra 
LiPic 39.41 1.60 6.934x1o5 5.84 0.999 
NaPic 325.13 2.51 6.185xlo7 7.79 0.982 
K.Pic 291.1 2.46 1.577x1o6 6.20 0.976 
aR = regression coefficient 
Table 3.18. Equilibria constant data for the individual processes in the extraction 
of alkali-metal pi crates by ethyl p-tert-butylcalix[ 4] a rene in water-benzonitrile at 
298.15 K 
System logKpt logKa logKd logK's logK"s logKex 
LiPic -1.71 3.32 1.62 7.55 4.22 5.84 
NaPic -0.35 2.89 2.54 8.14 5.25 7.79 
K.Pic -0.14 2.69 2.55 6.34 3.65 6.20 
M+(H20) + Pic-(H20) <=>M+(BN) + Pic-(BN) ... Kpt 
M+(BN) + Pic-(BN) <=> M+Pic-(BN) ... Ka 
M+(H20) + Pic-(H20) <=> WPic-(BN) ... Kd 
M+(BN) + Pic-(BN) + L(BN) <=> M+L Pic-(BN) .. . K's 
M+Pic-(BN) + L(BN) <=> M+L Pic-(BN) .. . K"s 
M+(H20) + Pic-(H20) +L(BN) <=> M+L Pic-(BN) ... Kex 
Table 3.19. Gibbs energy data in kJ moi-l for the individual processes involved 
in the extraction of alkali-metal picrates by ethylp-terl-butylcalix[4]arene 
tetraethanoate in water-benzonitrile at 298.15 K 
System LlptGO LlaGO LldGO L\ GO' c L\ GO" c LlextGO 
LiPic 9.76 -18.95 -9.13 -43.10 -24.21 -33.34 
NaPic 2.00 -16.50 -14.33 -46.47 -30.14 -44.47 
K.Pic 0.80 -15.36 -14.04 -36.20 -21.35 -35.40 
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Inspection of these data show that alkali-metal cations are able to interact with 
the calixarene ester derivative either as ions or ion-pairs. In both cases, the ion-pair 
metal ion complex salt is formed. 
If Scheme 3.2 is considered, 
Kex = Kpt K's or log Kex = log Kpt + log K's (110) 
It is quite clear that the partition of the electrolyte makes a negative contribution to the 
extraction equilibria (Kex) since K'?Kex as far as lithium and sodium are concerned. 
For potassium, the contribution of Kpt is almost negligible. 
If Scheme 3. 3 is considered, 
Kex = Kpt Ka K"s or log Kex = log Kpt + log Ka + log K"s (111) 
the negative contribution to the extraction process due to the partition of the 
electrolyte still exists, but the interaction is favoured by the contribution of Ka and 
K " S· 
However, the fact that K's>K"s seems to suggests that the process described m 
Scheme 3 .2 is most likely to occur. 
Although through this treatment it is not possible to calculate data for the 
complexation process 
.. . Ks (112) 
or for the ion-pair formation ofthe complexed cation with the anion ex-) 
... K'a (113) 
Combination of eqns 112 and 113 leads to 
172 
. .. . K's 
where K's = Ks Ka or log K's = log Ks + log K'a 
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(114) 
(115) 
The stability constant of Li+, Na+ and K+ and ethyl p-tert-butylcalix[ 4]arene 
tetraethanoate in benzonitrile (pure) at 298.15 I< has been reported by Danil de Namor 
and coworkersllO. These values expressed as log Ks are 5.49, 7.57 and 3.51; 
respectively. It is expected that the presence of water in the organic phase will exert a 
competitive effect with the ligand which slightly decreases the stability of the complex. 
The only K'a value available for the process represented by eqn. 113 but referred to the 
pure solvent is that for Na+LPic- at 298.15 K (log K'a = 2.34). Therefore, in the pure 
solvent, log K's for the sodium cation is about 9. 91 which is not very far from the value 
of 8.14 reported in Table 3 .18. It is also expected for the reasons discussed above that 
log K's in the pure solvent should be higher than in the water saturated solvent and this 
is indeed the case. 
There are not previous reports on the extraction of alkali-metal picrates from 
water to benzonitrile and therefore, comparison of these data with those previously 
reported in other solvent systems will not serve any useful purpose. In addition, within 
the same system,. large discrepancies are observed in the percentages of extraction 
reported by different authors (see Table 3.20). The log Kex values for the extraction of 
alkali-metal picrates in the presence of tert-butyl p-tert-butylcalix[ 4]arene 
tetraethanoate in the water-chloroform solvent system have been reported by Arduini 
et aP0. Since no dramatic differences were found in the stability of alkali-metal cations 
with the butyl ester derivative in benzonitrile relative to corresponding data for the 
ethyl, the extraction data in the water-chloroform solvent system are compared with 
the results obtained in this work (Table 3.21). Again these values are not strictly 
comparable because the temperature at which these measurements were carried out is 
not the same. The only conclusion that can be derived is that in both cases, log Kex 
values follows the same sequence; Na+>I<+>Li+. 
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Table 3.20. Extraction percentage of alkali ｭ･ｴｾｬ＠ pi crates by the use of ethyl p-
tert-butylcalix[4]arene tetraethanoate in different solvent systems and 
temperatures 
System 
H20-CH2Cl2 
H20-CH2Cl2 
H20-CHCl3 
H20-BN 
20 15.0 94.6 49.1 23 .6 48 .9 
25 48.9 87.9 51.2 41.0 52.8 
25 41.0 95.0 63 .0 
25 37.1 82.7 60.0 62.0 
Ref. 
25 
42 
This work 
Table 3.21. Extraction equilibrium constants Kex of alkali metal picrates in the 
presence of alkylp-tert-butylcalix[4]arene tetraethanoate in different solyent-
systems at different temperature 
M+(H20) + Pic-(H20) + L(s) <=> M+L Pic-(s) ... Kex 
Alkyl System T/°C log Kex Ref 
Li+ Na+ K+ cs+ 
!-Butyl H20-CHCI3 20 3.75 6.05 4.00 4.04 10 
Ethyl H20-BN 25 5.84 7.79 6.20 this work 
Table 3.22. Stability constant data expressed as log K" s for the interaction of 
alkali-metal picrates as ion pairs (M+Pic-) with alkylp-tert-butylcalix[4]arene in 
different reaction media at 298.15 K 
M+Pic-(S) + L(S) <=> M+L Pic-(S) ... K" s 
Alkyl solvent Li+ Na+ 
Ethyl THF 3.0 3.95 3.08 163 
!-Butyl THF 3.75 10 
Ethyl BNa 4.22 5.25 3.65 this work 
a Benzonitrile saturated with water 
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It is also possible that the lower extraction achieved in chloroform relative to 
benzonitrile is attributed to the much lower partition expected for the electrolyte in the 
water-chloroform solvent system relative to that in the water-benzonitrile system since 
the permittivity of the organic phase in the former (s=4.81) is much lower than that of 
the latter system (s=25.2). This statement is corroborated by the results for K"s 
(eqn.99) shown in Table 3.22 for tetrahydrofuran (s=7.58) which again is a solvent of 
much lower permittivity than benzonitrile. These results provide evidence that in the 
extraction of electrolytes by macrocyclic or acyclic ligands, the partition of the 
electrolyte is strongly dependent on the nature of the organic phase and unless the data 
are not referred to the same solvent system and at the same temperature any 
comparison does not serve any useful purpose.· It is concluded that although various 
studies have been carried out aiming to investigate the extractive properties of 
calixarene derivatives for alkali-metal cations, none of them have provided detailed 
information. The discussion above provides evidence that a considerable deal of 
information can be obtained from extraction experiments which, if properly performed, 
can help to gain a better understanding of the different factors which contribute to the 
selective extraction of alkali-metal cations by calixarene derivatives. 
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CHEMICAL MODIFICATION OF p-tert-BUTYLCALIX[4JARENE 
Although a considerable number of calixarene derivatives have been 
synthesized mainly by the introduction of functional groups at the para position of p-
tert-butylcalixarene after subsequent elimination of the tert-butyl groups originally 
present, and by attaching functional residues at the lower rim through the phenolic 
hydroxy groups of these macrocyclic compounds, chemical modification following 
these means constitutes an illimitable way for performing derivatization on p-tert-
butylcalixarenes. Taking into account this situation, the introduction of various new 
functional groups at the para position and at the lower rim onp-tert-butylcalix[4]arene 
is discussed in this section under the following headings, 
3. 3 Introduction of functional groups at the para position of calix[ 4] arene. 
3.4 Introduction of functional groups at the lower rim ofp-tert-butylcalix[4]arene. 
3.3. INTRODUCTION OF FUNCTIONAL GROUPS AT THE para 
POSITION OF CALIX[4JARENE 
It has been demonstrated that p-tert-butylcalixarenes undergo chemical 
modification at the para position after elimination of the tert-butyl groups by A1Cl3-
catalyzed transalkylation in the presence of a suitable acceptor such as toluene 78 or 
phenot75, followed by electrophilic substitution of reactive residues (S0333, 
CH2Ct8l, S02Ct162, etc) forming intermediate products which undergo further 
reaction with the appropriate functional groups. Under this context, the introduction of 
thiourea and guanidine groups at the para position of p-tert-butylcalix[ 4]arene via 
chloromethylation and chlorosulphonylation; respectively, is discussed. 
176 
Results and Discussion 
3.3.1. Introduction of thiourea groups via chloromethylation and guanidine 
groups via chlorosulphonylation 
Functionalization of p-tert-butylcalix[ 4] arene at the para position with thiourea 
and guanidine groups via chloromethylation and chlorosulphonylation; respectively, to 
yield 5, 11, 17,23-tetra(thiouronium chloride)methyl-25,26,27,28-tetrahydroxy 
calix[ 4]arene (L-7) and 5, 11, 17,23-tetrachlorosulphonyl-25,26,27,28-tetrahydroxy 
calix[ 4] arene (L-8) is illustrated in Scheme 3. 4. 
De-tert-butylation of p-tert-butylcalix[ 4 ]arene to yield the intermediate 
compound 25,26,27,28-tetrahydroxycalix[4]arene (L-5) was carried out following the 
procedure suggested by Gutsche75 using A1Cl3-catalyzed transalkylation in the 
presence of phenol. Chloromethylation performed on L-5, according to the procedure 
reported by Almi et af8l yielded the intermediate 5, 11, 17,23-tetrachloromethyl-
25,26,27,28-tetrahydroxycalix[4]arene (L-6), which after reacting with thiourea 
according to the standard procedure used for the preparation of S-benzylthiouronium 
salt, yielded the expected calixarene derivative (L-7) in good yield. 
Analytical and physical data as well as 1 H NMR data for the final product (L-7) 
and intermediates (L-5) and (L-6) are reported in Tables 3.23 and 3.24; respectively. 
Although the elemental analysis (microanalysis) carried out on the afforded p-
chloromethyl intermediate (L-6) reflects a small difference between theoretical and 
experimental percentages of carbon, 1 H NMR spectra in D20 on the final 
derivative(L-7) show characteristic signals of the expected compound. Thus, the 
signals at 4.21 and 3.49 ppm corresponding to Hax and Heq; respectively, indicate the 
cone conformation arrangement for the calixarene skeleton. 
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Table 3.23. Analytical and physical data for calixarene derivatives obtained by functionalization at the para position 
with thiourea and guanidine groups 
compound % yield Formula FW/g mor 1 Elemental analysis 
Required Found 
%C %H %N %C %H %N 
L-5 91 c23H2404 424.47 79 .22 5.70 -- 78.42 5 .76 
L-6 65 C32H2804Cl4 618.34 62 . 15 4.56 -- 63.38 4.75 
L-7 60 C36H44N304S4Cl4 922 .51 46.87 4.81 12.14 47. 12 4.91 !1.48 
L-8 83 C28H20012S4Cl4 818.24 
L-9 75 C12H4oN12012S4Cl4 1054.44 36.44 3.86 15 .93 36.90 4.24 15 .51 
Table 3.24. lH NMR data for calixarene derivatives obtained by functionalization at the para position with thiourea and 
guanidine groups (Osolvent from TMS, ppm; J in Hz) at 298.15 K 
Compound solvent OH Hm Hn CH2Cl Hax Heg C(CH3)l 
L CDCl3 10.33 7.05 -- -- 4.26(d)J=l2.7 3.50(d)J=l2 .5 1.21 
L-5 CDCI3 10.19 ·· 7.05(d) 6.72(t) -- 4.27(br. s) 3.48(Br. s) 
L-6 CDCl3 10. 11 7.08 -- 4.41 4.24(br. m) 3.52(br. d) 
L-7 D20 -- 7.23 -- 3.94 4.2l(m) 3.49(br. m) 
L-9 D20 -- 7.85(d) -- -- 4.25(br. s) 3.55(br. s) --
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Results and Discussion 
Since in the 1 H NMR spectra recorded in D20 ( deuterated water), the signals 
associated with the -SC(NH)NH2 and OH groups disappear by deuteration, the singlet 
at 7.23 ppm, which corresponds to the aromatic protons, and that at 3.94 ppm 
associated with the methylene group in the Ar-CH2-S residue are a proof that the 
desired derivative was attained. 
For the preparation of the guanidino sulphonyl calix[4]arene derivative (L-9), 
the standard procedure, which applies chlorosulphonic acid to the identification of a 
considerable number of halogenated aromatic hydrocarbons was used. Thus, the 
intermediate 5, 11, 17,23-tetrachlorosulphonyl-25,26,27,28-tetrahydroxycalix[ 4]arene 
(L-8) was obtained by the action of chlorosulphonic acid on L-5, which, used in the 
subsequent preparative stage without characterization, was allowed to react with the 
guanidine in the presence of sodium carbonate to yield the expected calixarene 
derivative (L-9). 
Elemental analysis performed on the final product shows a good agreement 
between theoretical and experimental percentages of C and H. 1 H NMR 
characterization carried out in D20 (table 3.24) shows that the guanidine groups are 
attached in para position to the calixarene skeleton through the sulphonyl residue. 
Thus, three signals are only shown in the proton spectra; a singlet at higher field (7. 85 
ppm) for the aromatic protons and two broad signals at 4.25 and 3.55 ppm 
corresponding to the axial and equatorial protons; respectively. No chemical shifts are 
observed for guanidine and hydroxyl protons due to deuteration. 
The signal at 30.48 ppm observed in the 13c NMR spectra, which is associated 
with the Ar-CH2-Ar methylene carbons, suggests that the afforded calixarene 
derivative adopts a fixed cone conformation. 163 
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Also from the 13c NNIR spectral data reported in Table 3.25 it can be observed that i) 
the resonance associated with the carbon in the -NHC(NH)NH2 group appears at 
128.45 ppm, ii) the usual chemical shifts for the aromatic carbon in p-position are 
shifted to 151.59 ppm, iii) the chemical shifts corresponding to the carbons in the i-, m-
and a-position appear at 157.51, 126.43 and 135.61 ppm; respectively. 
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Results and Discussion 
3.4. INTRODUCTION OF FUNCTIONAL-GROUPS AT THE lower rim 
OF p-tert-BUTYLCALIX[4JARENE 
Although the introduction of functional groups (ester, ketone, amide, 
thioamide, and carboxylic acid groups) at the lower rim of p-tert-butylcalix[ 4]arene 
has been carried out with success by either acylation or by alkylation with a-
halocarbonyl electrophiles in basic medium, alternative methods have been used for the 
introduction of N, N-dimethyl carbamoyl and N-acetyl glycine residues through the 
phenolic oxygen atoms at the lower rim of p-tert-butylcalix[ 4]arene. These are 
described as follows, 
3.4.1. Introduction of N,N-dimethylcarbamoyl group by acylation of p-tert-
butylcalix[4Jarene using catalysts (L-10) 
3.4.1.1. 18-Crown-6 as catalyst 
Following the results obtained in the preparation of calixarene ester derivatives 
by the use of phase transfer catalysts ( 18-crown-6) which were discussed in section 
3.2, the preparation of 5, 11, 17,23-tetra-tert-butyl-25,27-bis(N,N-
dimethylcarbamyl)oxy-26,28-dihydroxycalix[ 4 ]arene (L-1 0) by acylation of p-tert-
butylcalix[ 4]arene with N,N-dimethyl carbamoyl chloride has been performed in the 
presence of potassium carbonate and 18-crown-6 as the catalyst using acetonitrile as 
the reaction medium. 
The synthetic procedure is illustrated in Scheme 3. 5. Analytical and physical 
data obtained in the characterization of the corresponding compound are reported in 
Table 3.26. lH N1v1R and 13c N1v1R data are reported in Tables 3.27 and 3.28; 
respectively. 
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3.4.1.2 . 4-Dimethylaminopyridine (DMAP) as catalyst 
4-Dimethyl amino pyridine (DMAP) is a more powerful catalyst in acyl transfer 
reactions, than pyridine and other tertiary amines. Thus, the capability of this catalyst 
has been demonstrated in the esterification of sterically hindered alcohols which were 
known to be more or less resistant toward acylation under basic conditions. Hofle and 
coworkers164 have described a typical procedure by which esters are smoothly 
formed by treating the alcohol with acetyl choride or carboxylic acid and equimolar 
amounts of DMAP at room temperature. In addition, one equivalent of triethylamine 
was required to bind the resulting acid in the reaction. 
The application of this method to the acylation of sterically hindered phenols 
and its advantages have been illustrated in the acylation of m-cresol. Thus, m-cresol in 
the presence of dimethylcarbamoyl chloride and triethylamine remains unchanged even 
after two hours of heating under reflux in tetrahydrofuran. However, the addition of 
DAMP (2 mmol) to the reaction mixture (100 mmol) under the same conditions 
accomplished quantitative conversion into the dimethylcarbamate. 
The exceptional catalytic effect of this derivative, even in non-polar solvents, 
has been ascribed in part, to the formation of the N-acylpyridinium salt in high 
concentration, which acts as loosely-bound and highly reactive ion-pair. 
Fallowing the recommendations suggested by these researchers, p-tert-
butylcalix[ 4]arene which can be considered as a macrocyclic arrangement of hindered 
phenols, has been 0-functionalized by acylation with N,N-dimethylcarbamoyl chloride 
in the presence of DMAP and triethylamine, according to the procedure suggested by 
Franke and Schering165. 
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The synthetic procedure is illustrated in Scheme 3. 5. and the results of the 
DMAP-induced acylation of p-tert-butylcalix[ 4 ]arene to yield the tetramer dicarbamate 
ester are shown in Tables 3.26 and 3.27 
+ CICON(CH3h-
CH2Cl2, 45 °C, 30 min 
Scheme 3.5. Synthesis of L-10 obtained by the lower rim functionalization of p-telt-
butylcalix[4]arene, using phase transfer catalysts (18-crown-6 and DMAP) 
Comparison of the results obtained with DMAP with those for the catalyzed 
acylation using 18-crown-6 reveals some similarities and differences. Although the two 
methods of acylation (introduced as novel procedures in 0-derivatization of 
calixarenes) yield a 1,3-disubstituted calix[4]arene carbamate derivative (L-10), the use 
of 18-crown-6 as the acylating promoter, offers advantages due to smooth operation 
making easy the corresponding work-up stage and affording a 1,3-disubstituted 
tetramer carbamate in high yield and purity. 
Proton NJ\1R spectra in CDCl3 performed on this compound which was 
afforded using both catalysts, showed a closely separated pair of doublets arising from 
the Ar-CH2-Ar protons (J=14 Hz), the difference in the 8 values of the Hax and Heq 
becomes smaller ＨｾＸ＠ = 0.47 ppm) than that reported for p-tert-butylcalix[4]arene in the 
cone conformation ＨｾＸ＠ = 0.80 ppm). Two pairs of singlets representing the differences 
between the adjacent tert-butyl groups and between the aromatic protons in meta 
position characterize the structural asymmetry of this novel derivative. A singlet for the 
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Results and Discussion 
two residual phenolic protons and the usual pattern for the methyl groups in the 
carbamate moities accomplish the 1 H NMR spectrum 
The two pairs of distinct chemical shifts values associated with two different 
tert-butyl groups and two different aromatic protons, suggest an 1,3 -alternate 
conformational outcome for the structure of this compound. The relevant resonance of 
the Ar-CH2-Ar methylene carbon (8 = 32.9 ppm) on the 13c NMR spectra suggest a 
cone conformational arrangement for the calixarene skeleton of this derivative. 
Following Shinkai's166 observations that conformational changes in the 
structure of calixarene produced by the rotation of the Ar-CH2-Ar linkage are 
reflected in the differences (L\8) between the chemical shifts of the axial and equatorial 
protons, a L\8 = 0.47 ppm was calculated. This value is smaller than that obtained for 
calixarene compounds (L\8 = 0.90 ppm) showing a typical cone conformation .. It is 
concluded that the conformational outcome of the structure of this compound is 
associated to a distorted flattened cone conformation where the two tert-butyl groups 
on the phenyl ring carrying the remainder OH groups are lying out of the structural 
arrangement. It may be noted that these studies were carried out at ordinary 
temperature. 
3.4.2. Introduction of the N-acetylglycine groups by esterification of p-
tert-butylcalix[ 4Jarene using 1,3-dicyclohexylcarbodiimide (DCC) for the 
preparation of 5,11,17,23-tetra-tert-butyl-25,27-di(N-acetylaminomethyl 
carbonyl)oxy-26,28-dihydroxycalix[ 4]arene (L-11) 
The conversion of a carboxylic acid into an ester by the action of a 
carbodiimide (DCC) under essential neutral conditions has been carried out succesfully 
by Hassner and coworkers167. The application of this method on the esterification of 
hindered carboxylic acids with hindered alcohols has produced esters of high purity in 
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high yields. The advantages offered by this method· may be explained on the fact that 
the carboxylic acid is converted by the action of the carbodiimide in anhydride, which 
interacts favourably with the hydroxyl proton of the alcohol regenerating the acid and 
promoting (by nucleophilic attack of the alcohoxy group on the residual acid acyl 
group) the formation of the ester. 
The Hassner's method on the esterification of hindered carboxylic acids with 
alcohols has been applied for the synthesis of 5, 11, 17,23-tetra-tert-butyl 25,27-di(N-
acetylaminomethylcarbonyl)oxy-26,28-dihydroxycalix[ 4 ]arene (L-11 ). This carries two 
N-acetylglycine pending groups at the lower rim of p-tert-butylcalix[ 4 ]arene, resulting 
from treatment of the tetramer with N-acetyl glycine in the presence of an 
equimolecular amount ofDCC. 
The standard procedure used in the synthesis of this novel derivative is outlined 
in Scheme 3.6. Microanalysis and 1H NMR data are reported in Tables 3.26 and 3.27; 
respectively (see pag. 193). 
-15 °C, 16h 
Scheme 3.6. Synthesis of L-11 obtained by the lower rim functionalization of p-tert-
butylcalix[ 4]arene by the use of DCC 
The results obtained by dicyclohexylcarbodiimide-induced esterification of p-
tert-butylcalix[ 4]arene indicate that only the 1,3-disubstituted calixarene derivative was 
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obtained. The 1 H NMR spectra show a pair of doublets associated with the ArCH2Ar 
protons. A ｾＸ＠ = 0.30 ppm between Hax and Heq was calculated. This value greatly 
differ from the value of 0. 90 ppm observed for calixarenes in their cone 
conformational arrangement. Although 13 C Nl\1R investigations were not performed 
on this compound, comparison of 1 H NMR data of L-11 (Table 3 .27) with 
corresponding data for the carbamate tetramer derivative (L-1 0) suggests a flattened 
cone conformation for the former derivative (L-11) 
Finally, the outcome of these investigations leads to the conclusion that the 
Hassner's method for the direct esterification of calixarenes with any functional group 
containing a carboxylic acid as the reactive part, must be further explored .. 
3.4.3. 0-amino calixarene derivatives. Introduction of aliphatic, alicyclic 
and aromatic amino groups by" alkylation of p-tert-butylcalix[4]arene 
One of the objectives in the design of calixarene derivatives is the formation of 
a hydrophilic cavity in the lower rim of these compounds by the introduction of 
suitable functional groups, which confers to the new macrocyclic compound 
complexing properties around the ionic species. Therefore, the arrangement in which 
the coordinative effect of the donor atoms are combined, constitutes the most important 
feature for the selective recognition of ionic species by calixarenes. 
Our interest in the removal of polluting ions from contaminated sources and the 
extraction of precious metals from aqueous solutions prompted us to consider the 
introduction of i) aliphatic and alicyclic tertiary amines through the ether linkage of 
phenol derived calix[ 4]renes in order to enhance the basicity of the nitrogen in such a 
way that the protonated ligand could be used as an efficient extracting agent for 
anions. In its free form these ligands may be potential complexing agents for metal 
cations including enviromentally polluting ions such as mercury(II), cadmium(II) and 
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lead(II); and ii) aromatic amines linked via a methylene bridge to the phenolic oxygens 
to the parent calix[ 4]arene in such a way that the four pyridyl nitrogen atoms afford 
suitable active sites for coordination with gold(III), platinum(IV) and copper(II) 
among others transition metal cations. 
With these purposes, the introduction the aliphatic and alicyclic tertiary and 
aromatic amines was carried out. Thus, the preparation of 5,11, 17,23-tetra-tert-butyl-
25,26,27,28-tetra-[2-(dimethylamino)ethoxy]calix[4]arene (L-12), 5, 11, 17,23-tetra-
tert-butyl-25,26,27,28-tetra-[2-(diethylamino)ethoxy]calix[4]arene (L-13), 5, 11,17,23-
tetra-tert-butyl-25,26,27 ,28-tetra-[2-( diisopropylamino )ethoxy ]calix[ 4 ]arene (L-14), 
5, 11,17,23- tetra-tert-butyl-25,26,27,28-tetra-(2-piperidinoethoxy)calix[ 4]arene 
(L-15); 5, 11, 17,23-tetra-tert-butyl-25,26,27,28-tetra-(2-pyrrolidinoethoxy) 
calix[ 4]arene (L-16); 5, 11, 17,23-tetra-tert-butyl-25,26,27,28-tetra-(2-morpholino 
ethoxy)calix[ 4]arene (L-17); 5, 11, 17,23-tetra-tert-butyl-25,26,27,28-tetra-[2-(2-
quinolinyl)methoxy]calix[ 4[arene (L-18); 5, 11, 17,23-tetra-tert-butyl-25,26,27,28-
tetra-[2-(3-pyridyl)methoxy]calix[ 4]arene (L-19) and 5, 11,23,27,29,35,41,47-octa-
tert-butyl-49, 50,51,52,53, 54,5 5,56-octa-tert-butyl-49, 50,51, 52,53,54, 55, 56-octa-[2-
( diethylamine )ethoxy ]calix[8]arene (L-20) were carried out following the Stocchnof-
Benoitons' method92 which was applied with success to the 0-alkylation of calixarenes 
by Gutsche75 and extended by Ungaro and coworkers10. 
The exhaustive 0-alkylation on p-tert-butylcalix[4]arene using this procedure 
proceeds directly and smoothly affording 0-aminocalixarene derivatives in good yield, 
high purity and only in fixed cone conformations. 
Tetrahydrofuran (dried over potassium benzophenone and freshly distilled 
under nitrogen) and N,N-dimethyformamide (stored under 4A molecular sieve) as a 
solvent mixture (8:2) was used as the reaction medium. 
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Dialkylamino ethyl chloride hydrochloride · was the carrier of the alkylating 
group. It was employed in excess and enough amount of sodium hydride as an oil-
suspension was used for the proton abstraction from calixarenes and for neutralizing 
the hydrochloric acid coming from the amine functional groups. 
Usually, three to four hours, temperatures under 80 °C, nitrogen atmosphere 
and elementary work up procedure were the experimental conditions required for 
attaining the desired product. 
Schemes 3. 7 and 3. 8 illustrate the experimental procedure followed in the preparation 
of 0-aminocalixarene derivatives. 
ｾｦＮ＠ NaH, CICH2CH2Z tCHi4 THF/DMF, 80 °C, 2-4 h 
CH2 
I 
H2C"""z 
Ligand z 
L-12 / CH
3 
N 
""-cHl 
Et 
L-13 N/ 
"'-Et 
L-14 N 
/ iPr 
"'- iPr 
L-15 0 
L-16 {] 
L-17 Jb \__/ 
Scheme 3.7. Synthesis of 0-(aliphatic and alicyclic)-aminocalixarene derivatives by NaH-
induced all{ylation (L-12, L-13, L-14, L-15, L-16, and L-17) 
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The experimental results of the NaH-induced alkylamination of p-tert-
butylcalix[4]arene are shown in Table 3.29. 
The final product for each derivative, after crystallization (using either 
methanol, ethanol, acetone or a mixture of methanol, acetonitrile and dichloromethane) 
and drying over P205 was characterized. by lH NI\1R and 13c NJviR. Spectral data 
are reported in Tables 3. 3 0 and 3. 31. 
THF/DMF 45 °C, 2h 
THF/DMF, 45 °C, 
Scheme 3. 8. Synthesis of 0-(aromatic)-aminocalixarene derivatives by NaH-induced alkylation 
(L-18 and L-19) 
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3.5 PHYSICAL AND PHYSICOCHEMICAL CHARACTERIZATION 
OF 0-AMINOCALIXARENE DERIVATIVES 
As unmodified calixarenes, the synthesis of p-tert-butylcalix[ 4] arene derivatives 
can lead to four different conformers. The conformation adopted by such a derivative 
constitutes a distinctive feature in the characterization process of the afforded new 
macrocyclic compound. 1H and 13c N1\.1R spectral data have been used to estimate 
the conformation adopted by these macrocyclic compounds. 
On the other hand, the functionalization stage attained by the p-tert-
butylcalix[ 4] arene in the derivatization process can be detected by UV absorption 
spectrophotometry. Then, the absorption spectra and the molar absorptivity coefficient 
produced by the new compound characterise the afforded calixarene derivative. 
The behaviour observed by these compounds in the presence of acid or base 
can be used for studing the acid-base properties acquired after the introduction of 
functional groups. Therefore, the determination of dissociation or protonation 
constants constitutes an important aspect of the characterization process. 
Consequently, 0-aminocalixarene derivatives were characterized by the use of 
1H and 13c N1\.1R and UV-spectrophotometric measurements and by determination of 
their protonation constants. 
3.5.1. 1 H and 13c NMR spectral characterization of 0-aminocalixarene 
derivatives 
It is known that the different conformations of calixarenes can be conveniently 
estimated by the splitting pattern of the ArCH2 Ar methylene protons observed by 1 H 
NMR spectroscopy and from the chemical shifts on the 13 C NMR spectra associated 
196 
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to the carbon atoms of the same methylene groups. Thus, calixarenes in cone 
conformations should give on the 1 H Nl\.1R spectra a pair doublets.(AB system with 
J=12.5-14.0 Hz) with a large chemical shift difference ＨｾＸＩＬ＠ which, according to 
Gutsche168 serves as a measure of the flattening of each phenyl unit. This difference is 
about 0. 9 ppm for a system in the regular cone conformation and decreased 
significantly in the flattened conformation, whereas on the 13 C NMR spectra these 
163 
signals should appear at 30.2- 32.7 ppm. 
The 1 H NMR spectral data recorded in CDCl3 at 330 K and listed in 
Table 3. 3 0 suggest that all 0-aminocalix[ 4 ]arene derivatives synthesized in this work 
exhibit a similar spectral pattern for almost all the macrocyclic molecule, whereas 
differences are found for the signals arising from the residual amino terminal 
groups. Thus, a typical spectra for these derivatives show a single resonance in the aryl 
region corresponding to the aromatic protons, a pair of doublets in AB system with 
J=12.5 Hz near 4.41" and 3.14 ppm respectively; showing a ｾＸ＠ = 1.27 ppm; due to the 
bridging methylene protons, a pair of triplets at 4. 04 and 3. 10 ppm; for the 
OCH2CH2N system, and an upfield singlet for the tert-butyl protons. Each spectrum 
also has the expected pattern for the corresponding terminal groups attached to the 
nitrogen. As illustrative cases, 1 H NMR spectra of L-12, L-15 and L-17 are shown in 
Figs 3.19, 3.20 and 3.21; respectively. 
In addition, the carbon -13 spectra (data reported in Table 3.31) indicated that 
all these derivatives are characterized by four peaks which appear at the lower 
magnetic field between 153 to 124 ppm corresponding to the aromatic carbons (Ci, 
Cp, Co, Cm) in the ring. A similar pattern is observed for these derivatives. The 
remaining peaks between 76 to 30 ppm correspond to the aliphatic carbons. -Thus, the 
resonances for the carbon atoms in the OCH2CH2N system appear between 75.4 to 
71.4 and 58.7 to 44.5 ppm, respectively; while the tertiary and primary carbon atoms 
in the tert-butyl group appear near 33.8 and 31.4 ppm; respectively. Finally, the 
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Results and Discussion 
resonance associated with the ArCH2Ar methylene·carbon appears between 31.29 and 
3 0. 99 ppm. As illustrative cases, 13C NMR spectra of L-12, L-15 and L-17 are shown 
in Figs. 3 .22, 3.23 and 3 .24; respectively. 
The more relevant information in the 1 H and 13 C NMR data is related to the 
presence of the pair of doublets associated with the axial (Hax) and equatorial (Heq) 
protons, which provide evidence that these compounds in solution adopt a fixed cone 
conformation. This is also corroborated by 13c NMR spectra where the signal 
associated with the ArCH2Ar group is found within the expected range value for the 
cone conformation. In addition, the ｾＸＭｶ｡ｬｵ･＠ between Hax and Heq = 1.27 ppm (1.5 
times greater than that for the typical cone conformation) indicates that the phenol 
units became more parallel than those found in a typical cone conformation which may 
be due to the steric crowding among the amino groups on the narrow lower rim. 
Other characteristic feature in the structure of these derivatives, detected from 
the lH NMR spectra is that associated with the OCH2CH2N system where the 
different electronegativities of the oxygen and nitrogen atoms produce a distorted 
gauche-anti structural (twisted) arrangement at the bridging methylene protons. This is 
reflected by the differences found between the coupling constants (JHH) values from 
these four protons which were averaged by a computational treatment of spectral data 
arisen by all spinning side bands flanking each methylene triplet (see Fig. 3.25). The 
estimated values of the coupling constants (JHH) for each aminocalixarene derivatives 
are summarised in Table 3.32. 
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Fig. 3.25. 1H NMR spectr11m for the OCH2cH2N system in 0-aminocalixarene derivatives . 
(CDCI3, 330 K) 
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Table 3.32. Refined coupling constant values (J 1111) in vecinal hydrogen atoms in 
O-CH2CH2-N< pendant groups of 0-aminocalixarene derivatives 
Derivative J1-UI I Hz 
(2,3) and (I ,4) (I ,3) and (2,4) 
L-12 8.40 7.08 
L-14 I 1.23 5.93 
L-15 10.25 4.80 
L-16 I 0.18 5.30 
L-17 5.97 1.26 
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3.5.2. Determination of molar absorptivity coefficients (s) of 0-aminocalixarene 
derivatives in methanol at 298 K 
The UV spectra of 0-( aliphatic and alicyclic )aminocalixarene derivatives in 
methanol obtained at 298 K by spectrophotometric titration of a LiCl methanolic 
solution with the corresponding derivative are shown in Fig.3 .26. Although different 
amine residues as pendant groups are found in these derivatives, all six spectra are 
quite similar in character, showing absorption maxima at ca. 275 and 281 nm. 
Absorption spectra data at wavelengths of maxima absorption were used to 
determine the molar absorptivity coefficients of these derivatives, following the Beer-
Lambert law, which is defined by 
A= s Cl (116) 
where &, the molar absorptivity coefficient is given in dm3 moi-l cm-1, C denotes the 
molar concentration (mol dm-3) and lis the path length of the cell expressed in em. 
Plots of absorbance against the molar concentration of each derivative were 
constructed and linear correlations were obtained. Values of s were estimated from the 
slope of each straight line. Table 3.33 lists molar absorptivity coefficient data of 0-
aminocalixarene derivatives in methanol at 298 !(.estimated at the two wavelengths of 
maximum absorption. Thus, Fig. 3.27 illustrates the linear correlation used to estimate 
the s value for 5, 11 , 17,23-tetra-tert-butyl-25,26,27,28-tetra-[2-(dimethylamino) 
ethoxy]calix[4]arene (L-12) in a LiCl methanolic solution (1.14xi0-2 mol dm-3) at 
298K. 
Although non-dependence between the alkyl groups on the amine moieties and 
the wavelength of maximum absorption is detected in the UV absorption 
spectra, .moderate changes in the molar absorptivity coefficients of these derivatives are 
observed. Thus L-12 displays the lowest s value while L-17 the highest. 
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Fig. 3.26 UV absoq>tion St>cctrn of 0-(aliphatic and alicyclic)aminocalix[4}arcne de.-ivativcs in 
methanol at 298 K, n) L-12, b) L-13, c) L-14, d) L-15, c) L-16 and f) L-17 
208 
Results and Discussion 
Table 3. 33 Molar absorption coeflicients (E) of 0-aminocalixarene ､･ＮＭｩｶｾｬｴｩｶ･ｳ＠ in 
LiCI methanolic solution (l.l4xl0-2 mol dm-3) at 298 K 
Derivative Peak l Peak 2 
A..lnm E I dm3 moi-l cm-1 'Ainm E I dm3 moJ-1 cm-1 
L-12 274.4 
L-13 275 .2 
L-14 276.1 
L-15 274.7 
L-16 274.5 
L-17 
0.6 
0.5 
0.4 
QJ 
(.) 
c 
ro 
-e 0.3 
0 
(/} 
.0 
<( 
0.2 
0.1 
0 
0 5 10 15 
8853 280.8 
9392 281 .7 
9881 282.4 
9024 281.3 
8815 281 .0 
280.0 
A= 0.0142 [Calix]+ 0.0056 
R2 = 0.9997 
20 25 30 
106 [Calix] I mol dm·3 
8893 
9338 
9882 
9070 
8802 
10017 
35 40 
Fig. 3.27. Plot of absorbance recoa·ded at 280.8 nm against [Calix} for 5,11,17,23-tetra•tert-
｢ｵｴｹｬＭＲＵＬＲＶＬＲＷＬＲＸＭｴ･ｴｲ｡Ｍ｛ＲＭＨ､ｩｭ･ｴｨｹｬ｡ｭｩｮｯＩ｣ｴｨｯｸｹ｝｣｡ｬｩｸ｛Ｔ｝ｾｵﾷ｣ｮ｣＠ in methanol at 298 K 
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3.5.3 Determination of protonation constants (K2 l of 0-aminocalixarene 
derivatives in methanol at 298.15 K 
The acid-base properties of 0-aminocalixarene derivatives were studied by 
potentiometry. With this purpose, the electrochemical cell described in section 2.5.2.1 
was used. This was characterised after calibration experiments using the following 
equation, 
E = 580.4 + 58.85 log llJI+ (117) 
In eqn. 117 the numerical values 580.4 mV and 58.85 mV denote the standard 
potential of the cell (£0) and the Nernstian constant (2.303 RT/F); respectively used in 
these measurements. 
A typical potentiometric titration curve yielded by the stepwise addition of 
perchloric acid to a solution of the calixarene derivative in methanol at 298 K is 
presented in Fig. 3.28. One inflection point is observed in each case, whereas the 
titration end point associated with the interaction of the calixarene with the proton 
suggested the formation of the tetraprotonated specie (H4N4Calix[4])4+ in methanol. 
The overall equilibria given by eqn. 118 is used to represent the four individual 
processes of protonation of 0-aminocalixarene derivatives, 
On the other hand, the narrowness of the buffering region observed in these 
potentiometric titration curves suggest that the four nitrogen atoms are likely to 
behave independently from each other in their interaction with the proton. 
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In order to determine the individual protonation constants of these calixarene 
derivatives, in methanol the potentiometric titration data were treated by the use of a 
computer program MINIQUAD157. This is the most commonly used program in the 
. . f b'l' 1 c. . . . . d 169 h h estimatiOn o sta 1 tty constant va ues 1rom potentwmetnc tltratton ata . T us, t e 
Kp values estimated for the processes described by the following equations, 
N4Calix[ 4] + H+ <=> (HN4 Calix[ 4 ])+ ... KpJ (119) 
(HN4Calix[4])+ + H+ <=> (H2N4Calix[4])2+ ... Kp2 (120) 
(H2N4Calix[4])2+ + W ¢:> (H3N4Calix[ 4])3+ 
... Kp3 (121) 
(H3N4Calix[4])3+ + H+ <=> (H4N4Calix[ 4])4+ ... Kp4 (122) 
are listed in Table 3.34 as log Kp values 
From Table 3.34 it is found that the maximum difference between the values of 
the first and the fourth protonation constants is not greater than 1. 79 log Kp units 
(L-14) indicating that the amine residues behave quite independently from each other. 
These findings suggest that the four nitrogen atoms in the lower rim are quite far apart 
from each other adopting the most stable conformation, which corresponds to the 
lowest energy. This fact corroborates the gauche-anti structural conformation adopted 
by the residual amine group N< with respect to the phenolic groups in the -
OCH2CH2N< moieties as suggested by 1 H NMR spectroscopy. 
For a given amine, the log Kp values demonstrate that the neutral macrocycle 
behaves as the strongest base and the tetraprotonated form of the amine as the 
strongest acid in this solvent. log Kp Values of aliphatic aminocalixarene derivatives 
reflect the electron donating effect of the alkyl residues of the amine group. Thus, log 
Kp values ofL-13 (ethyl) are greater than corresponding data for L-12 (methyl). 
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Table 3.34 Protonation constant values of 0-aminocalixarene derivatives in 
methanol at 298.15 1(, derived from potentiometric titration data 
Compound log Knr logKn2 logKn) logKn4 ｾＨｬｯＦｋｰ＠ [-lo&Kp4) 
L-12 9.39 8.43 8.23 7.67 1.72 
L-13 9.48 8.95 8.69 8.09 1.39 
L-14 9.37 8.88 8.63 7.58 1.79 
L-15 9.34 9.00 8.72 8.32 1.02 
L-16 9.67 9.11 9.04 8.46 1.21 
L-17 7.49 6.92 6.92 5.98 1.51 
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A characteristic difference between the Kp ·values of alicyclic aminocalixarene 
derivatives is found for L-15 (piperidine) and L-1 7 (morpho line). This is explained by 
the presence of the oxygen atom in the morpho line group which weakens the basicity 
of this amine by about 2. 5 log units. 
From log Kp values, plots of species distribution against the medium hydrogen 
activity were obtained. These are shown in Fig. 3.29. An analysis of these plots 
indicate that the monoprotonated specie in the methyl derivative system is the most 
stable while for the ethyl derivative (L-13) the mono, di and triprotonated species 
exhibit equal stabilization. As far as the isopropyl system is concerned, 
H3N4Calix[ 4]3+ is the most stable specie. For calixarenes containing alicyclic pendant 
groups such as pyrrolidine, the diprotonated specie results to be the most stable 
whereas the same stability is found for the mono and triprotonated species. Finally, for 
macrocycles containing morpholine groups, the monoprotonated specie seems not to 
exist, whereas H3N4Calix[4]3+ is more stable than the diprotonated specie. In this 
context, the isolation of the most stable species and their study by IR and NMR 
spectroscopy will indicate some of the factors contributing to their stabilization. 
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3.6 INTERACTION OF 0-AMINOCALIXARENE DERIVATIVES WITH 
ANIONS AND CATIONS 
With the purpose of investigating the binding properties of 0-aminocalixarene 
derivatives as neutral ligands with cations and in their protonated forms with bulky 
anions, the interactions of representative derivatives with Ag+, Pb2+, Hg2+ and with 
various acids [perchloric and picric acids and hydrogen tetrachloro gold(III)] were 
investigated in solution or by the characterization of the isolated product. The results 
of these investigations are discussed under the following headings, 
3 .6.1. Interaction of 5, 11, 17,23-tetra-tert-butyl-25,26,27,28-tetra[2-( dimethylamino) 
ethoxy]calix[4]arene (L-12) with acids (HCl04, picric acid and HAuCl4) and 
cations (Ag+, Hg2+ and Pb2+). 
3.6.2. Interaction of 5, 11, 17,23-tetra-tert-butyl-25,26,27,28-tetra-(2-piperidino 
ethoxy) calix[ 4]arene (L-15) with Ag+, Pb2+ and HAuCl4 in methanol 
at 298.15 I(. 
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3.6.1. Interaction of 5,11,17,23-tetra-tert-butyl-25,26,27 ,28-tetra-[2-
(dimethylamino)ethoxy)calix[4Jarene [L-121 with 
3.6.1.1. Perchloric and, picric acids and hydrogen tetrachloro gold(III) 
The interaction of L-12 with perchloric acid was initially studied by UV 
absorption spectroscopy. Thus, Fig 3.30 illustrates the absorption spectra for the 
interaction process between the macrocyclic ligand and the proton in methanol at 
298 I<, where spectral changes induced by the stepwise addition of perchloric acid to a 
solution of L-12 are shown. A decrease of the intensity at A.max = 2 7 5 and 281 nm is 
observed as well as a small hypsochromic shift of the latter band.. The absorption 
spectra analysed at 276 and 283 nm wavelengths by means of a plot of absorbance 
against acid/calixarene concentration ratios (see Fig. 3.31) indicate that in the 
interaction process four protons are consumed by one molecule of calixarene 
derivative, suggesting that this process is associated with the fonnation of the 
tetraprotonated specie (H4N4Calix[4])4+ according to the process shown in eqn. 118. 
The absence of auxochrome groups in the pendant amme functionalities 
( -CH2CH2NMe2) suggests that the decrease of the intensity at Amax = 275 and 281 
nm and the small hypsochromic shift produced in the latter band, observed in the UV 
absorption spectra (Fig. 3.30) may be due to the participation of the phenol oxygen 
through hydrogen bond formation with the proton already bound to the nitrogen atom 
within the same ligating group. 
Following the above preliminary study, the interaction of this derivative with 
picric acid in tetrahydrofuran was performed at 298 I< using a similar proc·edure to that 
described in methanol. In this case, the absorption spectra generated by the stepwise 
addition of calixarene to a solution of picric acid (Fig. 3.32) show an increase in the 
intensity of absorption of the picric acid spectra at 3 3 8 nm and an enhancement of the 
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peak at 408 nm. A small bathchromic shift of the former band and two isosbestic points 
at 238 and 305 nm are also observed. The absorption spectra analysed at 348.5 and 
408.6 nm (see Fig. 3.33) suggest that the interaction process is associated with the 
formation of the protonated specie (H3N4Calix[4])3+. 
On the other hand, the interaction the L-12 wit HAuCl4 in methanol at 298 l( 
was also investigated by UV absorption spectroscopy. The absorption spectra yielded 
by the stepwise addition of the calixarene to a solution of HAuCl4 in methanol is 
shown in Fig 3.34. Although the decrease of the absorbance intensity at "-max= 320 
nm on the gold spectra is not accomplished by maxima shift in the "-max, these data 
suggest however that a proton transfer reaction may take place in this process. This 
observation was subsequently corroborated by the absorption spectra (Fig. 3.35) of a 
calixarene ion-pair (H4N4Calix[4])4+(AuCl4-)4 complex, which was isolated by using 
an extraction procedure. Finally, the formation of a specific protonated specie cannot 
be detected because gold(III) in methanolic solution and in the presence of an excess 
of the amine calixarene derivative undergoes decomposition. 
Aiming to clarify the nature of these interactions, 1 H and 13 C NMR; and IR 
studies were carried out on the isolated compounds obtained by treatment of the ligand 
(L-12) with HCl04 and HAuCl4. Thus, Figs. 3.36 and 3.37 show the 1H NMR and 
13c NMR spectra for the free ligand and the gold ion-pair complex; respectively. The 
IR spectra for the ion-pair complex with HCl04 and with HAuCl4 are shown in Figs. 
3.38 and 3.39. Tables 3.35 and 3.36 list 1H NMR and 13c NMR data for the free 
ligand and the ion-pair complexes with HCl04 and HAuCl4; respectively. From lH 
NMR .data, it is found that the changes exhibited by the spectrum ofHAuCl4-(L-12) 
compared to that of the free ligand, are similar to those observed for HCl04-(L-l2). 
Thus, the resonance positions of the methylene atoms are moved downfield ＨｾＶ＠ = 
0.69-0.76 ppm) whereas those arising from the methylene protons adjacent to the 
oxygen are moved to a lesser extent in the same direction ＨｾＶ＠ = 0.33-0.40 ppm). 
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Fig. 3.34. UV absor·ption spectra for the interaction Jn·occss of 5, ll, 17 ,23-tctl·a-tert-but)'l-
25,26,27,28-tctra-[2-(dimethylamino)cthoxy]calix[4]nrene (L-12) with HAuCI4 in methanol at 
298.15 K 
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Fig. 3.38. IR spectra of the salt complex (H4N4Calix[41)4+ccto4-)4 recorded in a nujol mull 
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Results and Discussion 
These findings suggest a similar interaction pattern ·between the ligand and the proton 
coming from different acids. However, such similarity is not observed from the IR 
spectra. Thus, theIR spectra of HAuCl4-(L-12) show a set of three bands at 2620, 
2471 and 2344 cm-1 in a typical region for the N-H stretching absorption bands 
associated with the formation of a protonated tertiary amine (R3N+ -H). The 
broadening of the former band suggests that the ionic compound is highly associated 
with the anion residue. In addition, a strong broad band shown by this spectra at 3413 
cm-1 suggests the presence of water in the molecule (probably crystallization water). 
On the other hand, theIR spectra ofHCl04-(L-12) show a strong band at 3150 cm-1 
which seems to correspond to the N-H stretching absorption forming a hydrogen bond 
with the phenolic oxygen atom. A moderately strong band appears at 3 534 c1n-1 which 
can be associated with water. The very strong broad band shown at 11 00 cm-1 is an 
unusual characteristic observed in calixarene systems. Taking into account the above 
statements, it can be concluded that in the interaction of HCI04 with L-12, the 
formation of hydrogen bonds between the phenolic oxygen atom and the proton bound 
to the nitrogen atom cannot be excluded. In the same way, changes in the chemical 
shifts on the 1 H NMR spectra are produced by the protonated nitrogen atom which are 
not due to structural changes. 
3.6.1.2. Silver(D, mercury(ffi and lead(II) 
Since the conductance of a solution of a dissociated salt may be altered by the 
addition of a chelating agent due to complex formation, conductometry was used to 
detect the formation of metal ion-ligand complexes between L-12 an aminocalixarene 
derivative, and Ag+, Hg2+ and Pb2+ in methanol at 298.15 K. 
Thus, the conductometric titration curve obtained by the addition of L-12 to a 
solution of the salt in methanol at 298.15 K is shown in Fig. 3.40 as a plot of 
conductance (Siemens) against the [ligand]/[salt] ratio. Conductometric data indicate 
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that the addition of ligand leads to a decrease in ·conductance suggesting that these 
changes may be associated with complex formation. 
The pattern observed in the experimental data shown in the titration curves 
leads to two straight lines. The point (titration end point) at which these lines intersect 
defines the stoichiometry of the cation-ligand complex. It was found that the 
stoichiometries are close to 1: 1 for Ag + -(L-12) and 2: 1 for Hg2+ -(L-12) and Pb2+-
(L-12). In all cases, the 0-aminocalixarene derivative lowers the cation mobility on 
complexation while in the Hg2+ -(L-12) titration curve, the conductance rises again at 
a [ligand]/[salt] ratio concentration higher than 0.5 suggesting that a metal cation 
transfer process from the complex (Hg2L)4+ to the free ligand is taking place upon 
addition of an excess of ligand. This process can be represented by the following 
equation, 
(Hg2L )4+(MeOH) + L(MeOH) ¢:> 2(HgL )2+(MeOH) (123) 
where the new complex (HgL )2+ results to be a cation with a higher mobility (less 
solvated) than the former complex. 
Although the determination of stability constants (Ks) for Ag+, Hg2+ and Pb2+ 
with this ligand was not attempted by using conductometric titration data due to the 
complexities involved, the stability constant of Ag + and the 0-aminocalixarene 
derivative (L-12) was determined potentiometrically, taking into account the 
equilibrium given by 
N4Calix[4](MeOH) + Ag+(MeOH) <=> (AgN4Calix[4])+(MeOH) ... Ks (124) 
where the binding constant Ks defined in terms of activities is given by . 
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Fig. 3.40. Conductimetric titration cur-ves of Pb(CI04h, AgCI04 and Hg(CI04h -with 
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Ks = G(AgN4Calix[4])+ I GN4Calix[4] GAg+ (125) 
Thus, potentiometric titration data for the process described by eqn. 124 were 
obtained by the addition of ligand to a solution of the cation salt in methanol at 
298.15 K. These are shown in Fig. 3.41 as a plot of emf (mV) against the 
[ligand]l[salt] ratio. The titration end point further corroborates the 1:1 complex 
formation for this system as demonstrated by conductance measurements. 
The cation equilibrium activities for each titration point were estimated by 
using eqn. 126, which is the Nemst equation previously defined from electrochemical 
cell calibration experiments. 
E = 157 + 61.1log GAg+ (126) 
Equilibrium constant values for each titration point beyond the end point were 
determined using eqn. 125 and the following equations 
Ks = GAgL I GAg+ GL =: [Ag+L] I [Ag+] [L] 
[Ag+L] = [Ag+]i- [Ag+] 
[L] = [L]i -[Ag]i + [Ag+] 
(127) 
(128) 
(129) 
where, [Ag+L], [Ag+], [L] denote the equilibrium concentrations of the complex, 
metal and ligand; respectively. [L]i and [Ag+]i denote the initial concentrations of the 
corresponding species. A log Ks value for the process ( eqn. 124) of 5. 011 ± 0. 012 was 
calculated. The error is given as twice the standard deviation of the data. Experimental 
data for the interaction process of Ag + and (L-12) and their treatment for the 
determination of the stability constant for this system are given in Table 3.37 
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Results and Discussion 
In order to investigate the nature of metal ion-ligand interactions in the 
(AgN4Calix[ 4]+) complex, UV spectrophotometric studies were carried out. Thus, 
UV absorption spectral data yielded by the addition of the cation salt to a methanolic 
solution of the ligand (Fig. 3 .42) indicate that upon stepwise addition of AgCl04, the 
absorption maxima ofthe ligand at 274 and 282 nm decrease. A small hypsochromic 
shift of the latter band is observed. 
Spectral changes induced on the absorption spectra of the ligand by the 
addition of the salt, may be attributed to changes in the extent of the conjugation of the 
n- electrons system with the phenoxy groups which suggest that the phenoxy oxygen 
atoms also participate in the interaction process involving this ligand and the silver 
cation in this solvent. Some insight on the structural changes can be gained from NMR 
spectral data.1 H and 13 C NMR measurements carried out on this system by Danil de 
Namor and coworkers 170 confirmed the suggestions made from UV measurements. 
3.6.2. Interaction of 5,11,17 ,23-tetra-tert-butvl-25,26,27 ,28-tetra-(2-piperidino 
ethoxy)calix[4Jarene (L-15) with silver(D, lead(ID and gold(III) 
Following the methodology used to investigate the interaction of L-12 with 
various metal cations, conductometric titration data were obtained by the addition of 
15,11, 17,23-tetra-tert-butyl-25,26,27,28-tetra-(2-piperidinoethoxy)calix[ 4]arene to a 
methanolic solution of silver(!) or lead(II) at 298.15 K. These shown in Fig 3.43 as a 
plot of conductance against the [ligand] I [salt] ratio concentration, indicate the 
formation of metal ion:ligand adducts with stoichiometries close to 1: 1. 
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Fig 3.42. Change in UV absorption spectrum of 5,11,17,23-tetra-tert-butyl-25,26,27 ,28-tctra-[2-
(dimcthylamino)ethoxy]calix[4)arcnc upon adition of AgCI04 
in methanol at 298.15 K 
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Aiming to investigate the nature of such interactions, 1 H NMR studies were 
carried out on the isolated metal-ligand adducts. Although, elemental analysis results 
for the case of silver-ligand adduct, are consistent with the formation of 
(Ag2N4Calix[4])2+(No3-)2.2(CH3CN) complex (C76H114N801oAg2, requires: %C 
60.23, %H 7.58 and %N 7.39; found: %C 60.47; %H 7.75 and %N 7.42), in which 
two metal cations are bounded to one molecule of ligand, chemical shift differences on 
the resonance positions of all protons are associated with moderate deshielding effects 
relative to the free ligand. These may indicate that conformational changes have been 
produced in the molecular structure of the ligand by the presence of the metal cation. 
However, these changes do not provide a clear idea about the binding interaction 
between metal cation and the donor atoms of the ligand. 
In the same way, the Pb2+_L-15 system shows conformational changes in the 
pendant amino groups of the calixarene derivative detected by the chemical differences, 
which are particularly associated with the resonance positions of the protons from C-2, 
C-3 and C-4 in the piperidine ring, relative to the free ligand. These suggest that 
certain binding interactions have been developed between the metal cation and the 
ligand. However, the elemental analysis data for the isolated compound was not 
consistent with the formation of 1:1 Ph-ligand complex [(PbN4Calix[ 4])2+]. 
(C72H1o8N601oPb, requires: %C 60.69, %H 7.64 and %N 5.90; found : %C 61.53, 
%H 8.13 and %N 7.73) detected by conductometric studies. 
1 H NMR spectral data for Ag +-L-15 and Pb2+ -L-15 adducts in CDCl3 at 3 00 I< and 
the chemical shifts differences related to the free ligand are shown in Table 3.38. 
On the other hand, the interaction of 5,11,17,23-tetra-tert-butyl-25,26,27,28-
tetra-(2-piperidinoethoxy)calix[4]arene (L-15) with HAuCl4 was investigated by 
spectrophotometric studies ( 1 H NMR and IR) and elemental analysis on an isolated 
HAuCl4 -ligand adduct. 
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Thus, from microanalysis data (%C, 44.23 and 44.08; %H, 5.90 and 5.87; %N, 
2. 71 and 2.53) two molecular formulas were assigned to the crystalline compound, 
which are associated with a) (H4N4Calix[ 4])4+(AuC14-)2.2Cl-.(3H20)2 
{C72H124N401oAu2CI1o, requires: %C 44.25, %H 6.40, %N 2,87) and b) 
{Au(III)H2N4Calix[4]Cl2}3+[Au(I)Cl2]-2.Cl-.H20 (C72H112N405Au3Cl7, 
requires: %C 44.28, %H 5.78, %N 2.87). Fig. 3.44 illustrates the structural formula 
for the assumed species in a) and b). 
1 H Nl\1R spectral data in CD3 OD for the free ligand and the isolated 
compound show moderate differences in chemical shifts for the protons distributed in 
the cone structure fraction of the aminocalix[4]arene [(CH3)3CPhOCHzCH2-] 
relative to the free ligand which are very similar to those found between HAuCl4 -(L-
12) and (L-12), (see Tables 3.39 and 3.40), while particular differences are observed 
for the protons in the piperidine residue. These suggest the presence of two pairs of 
different piperidine groups in the HAuCI4-ligand adduct. Thus, in thelH Nl\1R spectra 
for the HAuCl4-ligand adduct, the signals centred at 3.67 and 1.97 ppm are associated 
with the methylene protons in C-2, two triplets centred at 3.21 and 1.88 ppm identify 
the methylene protons associated with C-3 and the two signals at 3.34 and 1.60 ppm 
associated with the methylene protons in C-4. corroborate the presence the two pairs of 
different piperidine groups in the solid complex. 
This analysis indicates that two of the four nitrogen atoms in the calixarene are 
affected by a different enviroment to that perturbing the other two nitrogen atoms. 
These may imply a different interaction of HAuCl4 with each of the two pair of 
nitrogen atoms. 
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A) 
B) 
Fig. 3.44. The two Au-Piperidine complexes t>rOJ>Osed for the interaction of gold and 
piJ>eridinecalixaJ·ene derivative 
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Two medium sharp bands of moderate intensity and sligthly broadened centred 
at 2628 and 2542 cm-1 associated with the N-H stretching absorption of protonated 
tertiary amine groups (R3N+ -H) are observed in theIR spectra for the HAuCI4-ligand 
adduct (see Fig. 3.45). These may be taken as an indication that at least two nitrogen 
atoms in the ligand are likely to be protonated. 
The structure associated with formula a) assumes the protonation of four 
nitrogen atoms associated with two different anions (AuCI4-) and (Cl-). Although the 
broadeness of the N-H stretching bands suggests association, the differences in anion 
size (AuCI4-) and (CI-) cannot cause these differences in the piperidine groups as seen 
in the 1 H Niv1R spectra. Then, the structural formula for the solid complex is not 
consistent with that in a). On the other hand, formula b) assumes the protonation of 
two nitrogen atoms and their association with two Au(I)CI2- anions, while by 
displacement of two ch1oridtt. ions from HAuCl4, gold(III) may be bound to the two 
remaining nitrogen atoms. This latter arrangement seems to agree with the differences 
found in the piperidine groups by 1 H Niv1R, the proto nation of two nitro gens atoms at 
least detected in the IR spectra and the composition required by elemental analysis. In 
addition, although the crystalline compound HAuCl4-L-15 was prepared in a 
methanolic solution without the addition the acid (HCl), it is likely that HAuCl4 
decomposes to AuCl2-
In summary, HAuCl4 interacts with L-15. The results suggest the formation of 
a complex in which two nitrogen atoms may coordinate gold(III) in the form of 
[ Au(III)Cl2]+ and the two remaining nitrogen atoms, enter ion-pair formation with 
two protons containing Au(I)CI2- counterions. Further investigations are required to 
check whether or not these are valid suggestions. 
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CONCLUSIONS 
From the above discussion the following conclusions are drawn; 
a) As far as calixarene-amine interactions are concerned, this work shows that from 
extraction data it is possible to make a quantitative evaluation of the individual 
processes which contribute to the overall extraction of amines by calixarenes. In 
addtion these data show that, tert-butylamine is favourably transferred to the 
organic phase in the presence of these macro cycles since L.\extG0 < L.\ptG0 . 
Although the contribution due to the proton transfer reaction (L.\pG0 ) to the 
extraction process (L.\extG0 ) is smaller than that due to the ion-pair process (L.\aG0 ), 
the acid-base properties of both, the calixarene and the amine are important factors 
to consider since these play a key role in the extraction process. 
b) Regarding calixarene ester derivatives, 
i) The use of phase transfer catalysts (PTC) for the synthesis of these compounds 
leads to good yields. The advantages outlined by the use of this technique relative 
to the methods currently used, indicate that PTC provides a new and efficient 
method for the preparation of these calixarenes derivatives. A mechanism is 
proposed on the assumption that exhaustive alkylation takes place in a sequential 
stepwise process of deprotonation followed by ion-pair formation and nucleophilic 
displacement under the catalytic control of 18-crown-6. 
ii) The stability constant of sodium and ethyl p-tert-butylcalix[ 4 ]arene 
tetraethanoate determined in acetonitrile at 298.15 K by direct potentiometry (log 
Ks = 8. 11) is in good agreement with the value recently reported by Danil de 
Namor and coworkers110 using a double competitive potentiometric method (log 
Ks=7.53). 
iii) The selective extraction properties of ethyl p-tert-butylcalix[ 4]arene 
tetraethanoate for alkali-metal cations has been investigated and the contribution of 
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the individual processes to the overall extraction of these cations by this 
macrocycle has been assessed. 
c) As far as novel derivatives are concerned, 
i) Introduction of .N,N-dimethylcarbamoyl and N-acetylglycine groups in the lower 
rim of p-tert-butylcalix[ 4 ]arene has been succesfully achieved by using phase 
transfer catalysts (18-crown-6, 4-dimethylaminopyridine and 1,3-
dicyclohexylcarbodiimide). Characterization by NJ\1R spectroscopy of the products 
obtained suggests that in both cases the disubstituted calixarene derivatives in 
distorted cone conformations are produced. 
ii) The exhaustive introduction of aliphatic (methyl, ethyl, isopropyl), alicyclic 
(piperidine, pyrrolidine, morpho line) and aromatic (quinoline and pyridine) amino 
groups in the lower rim of p-tert-butylcalix[ 4]arene led to new derivatives in good 
yields and in cone conformations. 
iii) The acid-base properties of 0-aminocalixarene derivatives in methanol have 
been investigated and the results obtained by potentiometric measurements suggest 
that the protonation process is associated with the formation of the tetraprotonated 
species (RtN4Calix[ 4])4+. 
iv) Physicochemical studies suggest that these derivatives are able to interact with 
cations and anions in their neutral and protonated forms; respectively. 
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SUGGESTIONS FOR FURTHER WORK 
Suggestions for further work are as follows, 
a) Taking into account the results obtained by the exhaustive esterification of p-tert-
butylcalix[n]arene (n=4,6,8) using phase transfer catalysis, partial and selective 
esterification of the lower rim of calixarenes by the use of 18-crown-6 as the 
catalyst in the presence of equimolecular amounts of reactives using acetonitrile as 
the reaction medium should be considered. Also the application of PTC should be 
extended to any 0-derivatization processes of calixarenes in which the functional 
groups are not accompanied by acid. 
b) The introduction of amino acid groups in the lower rim of p-tert-butylcalixarene by 
the use of 1,3-dicyclohexylcarbodiimide should be explored. 
c) As demonstrated in the present work, extraction experiments are worth considering 
in studies involving interaction properties of calixarene derivatives with species in 
solution in order to gain a better understanding of the ability of these ligands to 
interact with such species, particularly in cases where limitations are found by the 
use of conventional physicochemical methods. 
d) Following preliminary results obtained in the present work it would be valuable to 
determine quantitatively the thermodynamics of interaction of 0-aminocalixarene 
derivatives with cations and anions, since these results can open the possibility of 
using these compounds as sequestering agents for the removal of toxic ions from 
contaminated sources. 
e) Although in 0-calixarene derivatives, such as esters, ketones and ami des, the 
phenolic oxygen atoms participate in the chelating process (PhOCH2COOR, 
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PhCH2COR or PhOCH2CONR2) providing an·appropiate coordination sphere for 
alkali and alkaline-earth metal cations, in 0-aminocalixarene derivatives (which 
have shown coordinative abilities toward transition metal cations) this has not been 
often observed. It would be of interest to design derivatives which show a 
progressive decrease of the cooperative coordinative effect of nitrogen and oxygen 
atoms within the same ligating group. The attachment of pyridine groups to the 
calixarene framework through methylene residues in positions 2, 3 and 4 can offer 
this possibility. It is already known that calixarene derivatives bearing pyridine 
groups through the methylene residues in position 2 are able to interact with alkali-
metal cations. Increasing the distance between the phenolic oxygens and the 
pyridine nitrogens is likely to provide suitable receptors for transition metal cations. 
Work in this area is now in progress. 
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